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CC CHEMOKINE RECEPTOR 5, ANTIBODTES THERETO. TRANSGENIC ANIMALS 

INFECTION 

FIELD OF THE INVENTION 

The present inveniion relates to in vino and in vivo models for the study of human 
immunodeficiency vir-us (HIV) infection and the effectiveness of anli-HlV therapeutics. The 
invention more specifically relates to cell surface proteins that participate in HFV infection and 
which are useful for the development of animal models, 

BACKGROUND OF THE INVENTION 

An WPs/ infection cycle begins with ihe entry of an HFV virus into a target cell. Enirs' 
commences when an HIV envelope plycoproiem {env) binds to a human CD4 molecule in a 
target cell membrane. This binding leads to fusion of virus and cell membranes, which in turn 
facilitates virus enirv' into the host. Tlie HIV-infected host cell eveniually expresses env on 
its surface. This expression allows the infected cell to fuse with uninfected, CD4-posiiive 
cells, ihereby spreading the virus. 

Recent studies have shown that the HIV fusion process occurs with a wide range of 
human cell rv'pes that either express human CD4 endogenousiy or that have been engineered 
to express human CD4. The fusion process, however, does not occur with nonhuman cell 
types engineered to express human CD4 even though these nonhuman cells still can bind env. 
The disparity between human and nonhuman cell t>pes exists because membrane fusion 
requires the coexpression of human CD4 and one or more cofactors specific to human cell 
types, Nonhuman cell types that have been engineered to express human CD4 but not the 
additionally required factor(s) are incapable of membrane fusion, and therefore are 
nonpermissive for HIV infection. 

Some individual HW isolates, designated "macrophage-iropic/' efficiently infect 
primar>' macrophages but not immonahzed T-cell lines. Other isolates, designated "T-cell 
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line-iropic." have ihe opposite propeny and infect immonaiized T-cell lines more efficiently 
than they infect primary macrophat^e<. Both types of isolaies readily infect primars' T-ceils 
from the body, however. The selective iropism of these two u^pes of isolates is thought to be 
due to their requirements for distinci cofactors that are difiereniially expressed on different 
CD4 positive cell types, h should be understood that other HIV sirams are ''duaUiropic" and 
have the ability* to infect both macrophages and immonaiized T-cell lines and are believed to 
be able to use more than one cofactor. 

Recently a cofactor required for fusion of virus and cell membranes has been 
described. Feng et aL. Science 272: 872-7 (1996) This factor, called "fvisin," (also known 
as CXCR4) permits cells that contain human CD4 to fuse wqih the surface of an HIV virus. 
Fusin functions preferentially for T-cell line-iropic H1V-] isolates and much less well for 
macrophage-tropic HIV-I isolates. 

The discover of fusin allows the creation of a successful small animal model. Such 
a model is crucial for studies of HIA' infection and of the effectiveness of anti-HFX^ 
therapeutics. But the presence of fusm enables the study of T-cell iine-lropic but not 
macrophage-tropic isolates. This is an important distinction because macrophage-tropic 
isolates represent the predominant type of isolates obtained from infected individuals. 
Macrophage-tropic isolates also appear to be preferentially transmitted between individuals. 
A putative cofactor that is necessarily expressed with CD4 to allow entry of macrophage- 
tropic isolates remains unknown. 

In recent years, researchers have bred transgenic animals that contain cells which 
express human CD4 and which could be used as models for HIV infection of macrophages if 
the macrophage-specific factor were known. See, for example. Dunn ei al. Human 
immunodeficiency virus type J infection of human CD^-ironsgenic rabbits, J. Gen. Vir. 
76:1327-1536 (1995); Snyder et al, Deveiopmeni and Tissue-Specific Expression of Human 
CD4 in Transgenic Rabbits, Mol. Reprod. & Devel. 40:419-428 (1995); Killeen et aL. 
Reguiaied Expression of Human CD-^ Rescues Helper T-Cell Development in Mice Lacking 
Expression of Endogenous EMBO J. 12:1547-1553 (1993): Fone et oL, Human CD4 

Produced in Lymphoid Cells of Transgenic Mice Binds HJV gpl20 and Modifies the Subsets 
of Mouse T-Ce!I Populations, Immunogenelics 38:455-459 (1993). 
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A goal of research in this field is to find a puiaiive factor for ihe macrophagc-iropic 
isolates ihat could be co-expressed with CD4 in a small animal. Such co-exprcssion would 
provide an animal model to develop efficacious therapies to combat infection by macrophage- 
uopic HW isolates. The discovery of othei essential cefaclors would provide new targets for 
development of anii-HlV therapies. 
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SUMMARY OF THE INVENTION 

The present inveniion is based on the discovery' of a new CC chemokine receptor 
proiesn associated wiih HIV infection (formeriy refencd to as **CC CKR5", now more 
commoniv known as "CCR5"). The invention provides isolated polynucleotides and 
po!\peptides encoded by CCR5 pol>T!ucleoiidcs. as well as antibodies directed against regions 
of CCR5 and peptide fragments of CCR5 which block HIV interaction with the CC CKCR5 
receptor. 

It is an object of the present invention to provide therapeutic and preventative 
medicinal agents effective against HIV infection and effective in regulating monocvne 
accumulation and activation. In accomplishing these and other objects, there has been 
provided, in accordance with one aspect of the present inveniion a stable, nonhuman ceil line, 
the cells of which contain DNA encoding CCR5. In accordance with another aspect of the 
invention a transgenic non-human mammal is provided compnsed of cells that coexpress 

human CD4 and CCR5 

In another aspect of the invention, the inveniion provides an antibody which binds to 
CCR5 and which blocks membrane fusion between HIV and a target cell. In accordance with 
another aspect of the invention, there is provided a cell that expresses a CCR5 gene, w^herein 
the CCR5 gene is not stably integrated into the genome of said cell. 

In accordance with yet another aspect of the invention an isolated and purified peptide 
fragment of CCR5 is provided that blocks membrane fusion between HIV and a target cell. 

In yet another aspect, the inveniion provides a method for identifying a compound 
v^'hich blocks membrane fusion between ViW and a CCR5 target cell or between an HW- 
infected cell and a CCR5 positive uninfected cell. The method includes the steps of : a) 
incubating components comprising the compound and a CDU and CCR5 positive cell under 
conditions sufficient to allow the components to interact; b) contacting the components of step 
a) with HIV or an HIV-infected cell; and c) measuring the ability of the compound to block 
membrane fusion between HIV and the CCR5 positive cell or between an HW-infected cell 
and a CCR5 positive uninfected cell. 



wo 97/45543 PCT/US97/09586 

In accordance with yet another aspect of the inveniion a method of inhibiting CCR5 

expression in a cell is provided, comprising introducing' into the cell at least one antisense 

pohnucleoiide that causes the inhibition of CCR5 in the cell. 

in accordance with yci another aspect of the invention is provided a CCR5-bindinp 

agent, wherein said agent blocks binding of a chemokine and HI\^ to CCR5. 

The antibodies and blocking agents of the mveniion are also useful for providing 

methods for modulating an immune response in which macrophages are involved. For 

example, administration of CCR5 agonists or antagonists would be useful for modulating the 

immune response. 

Other objects, features and advantages of the present inveniion will become apparent 
from the following detailed description. It should be understood, however, that the detailed 
description and the specific examples, while indicating preferred embodiments of the 
inveniion, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the an 
from this detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE ] A shows an aligmneni of amino acid sequences deduced from cDN As for 
CC CKRl. CC CKR2B. and for CCR5- Arabic numbers enumerate a CCR5 amino acid 
sequence (SEO ID NO:4) and a variant wiih residue changed from alanine to leucine (SEO 
ID NO: 2) thai has been deduced from a CCR5 DNA sequence (SEQ ID NO:3 and SEQ ID 
NO: 1, respectively) and are lefi-justified. Putative membrane-spanning segments I-Vl] are 
noted. Venical bars show identities between adjacent residues and open boxes show predicted 
sites for N-lin};ed glycosylation. Dashes and gaps have been inserted to optimize the 
alignments. Extracellular portions of the CCR5 polypeptide are located between 
transmembrane domains 2 and 3, transmembrane domains 4 and 5, transmembrane domains 
6 and 7, and in the amino lermmal segment before transmembrane domain 1 



FIGURE IB shows the nucleotide and deduced amino acid sequence (SEQ ID NO:l 
and 2, respectively) for a CCR5 variant where nucleotides 293-296 of the wild-r>T3e DNA is 
changed from CTTG to TGCT resulting in a change at ammo acid residue 127, from Alanine 
15 to Leucine. 

FIGURE IC shows the nucleotide and deduced amino acid sequence (SEQ ID NO:3 
and 4, respectively) for CCR5. 

FIGURE 2 shows CCR5 peptides w^hich inhibit fusion between cells expressmg the 
2 0 HTV^-l Env from the macrophage-iropic Ba-L isolate and murine cells co-expressing CD4 and 

CCR5 Peptides were preincubated with HIV-Env-expressmg cells for 1 hour at a 
concentration from 0-50 /^g/ml before mixing with cells which express CD4 and CCR5- 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



Tne preseni invcniion originaied from srudies on receptor proteins of chemokines. The 
inventors cloned, sequenced, and funciionally expressed a human cDNA encoding a novel 
macrophage-selective CC chemokine receptor that has been designated CCR5- 
5 During iheir mvesiigauon, the inventors discovered that CCR5 is a necessary cofacior 

for infection by macrophage-iropic HIV isolates. More panicularly, the inventors found that 
when they transgenically expressed human CCR5 in non-human cells v^'hich also 
transgenically express human CD4, the ahered cells could fuse with cells that express the em- 
envelope protein from macrophage-iropic strains of HIV. It should be understood that other 

10 HIV strains arc ''dual-tropic'' and have the ability to infect both macrophages and 

immonalized T-cell lines and are believed to be able to use more than one cofacioi. 
Furthermore, the inventors reasoned thai antibodies against CCR5 can inhibit the fusion of 
cells that contain CD4 and CCR5, upon contact with cells that express the env protein from 
macrophage-tjopic strains of HFX^ Antibodies which bind CCR5 can inhibit infection of cells 

15 that coniam CCR5 and CD4 by macrophage-tropic strains of HIV. The insights of the present 

invention enable ihe development of new tools to study HIV infection of macrophages and the 
discovery' of new HIV treatment methodologies based on chemokine receptor biochemistry. 

Chemokine receptors are thought to have seven iransmembrane-domains, are coupled 
to G-protein and participate in cellular responses to chemokines. Receptor CCR5 that has 

2 0 been cioned by the inventors is the fifth human CC chemokine receptor identified to date. The 

five receptors bind overlapping but distinct subsets of CC chemokines. Of the five, only CC 
chemokine receptor 5 ("CCR5") displays a CC chemokine specificity profile that matches the 
profile for suppression of HIV-1 infection. Cocchi ei oL. Science 270, 1811 (1995). 
RANTES.MIP-la and MIP-ip are potent agonists of CCR5, but MCP-1 and MCP-3 are not, 

25 as summarized by Combadiere ei al. in J. BioL Chem. 270; 16491-4 (1995), J. Biol Chem 

270: 30235 (1995), and Molec. Biol Cell 6: 224a (1995) and by Samson et oL in 
Biochemisiry 35: 3362 (1996) the disclosures of which are incorporated herein in iheii 
entireties. 
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JS0LAT10^^ OFcDNA ENCODING CCR5 

The gene lor ihe chcmokine receptor of the presem invention can be cloned from a 
human cDNA librar%'- Methods used to clone novel chemokine recepior-like cDNAs from a 
Agtll cDNA librars' made from penpheral blood mononuclear cells of a pauent with 
eosinophihc leukemia have been described by Combadiere ei oL. DNA Cell Biol 14: 673-80 
(1995). which is herein incorporated in its entirely by reference. A cDNA encoding CCR5 
also can be isolated by the procedure described by U.S. provisional paieni application 
60/010,854 filed on Januar>^ 30, 1996, which is herein incorporated by reference. 

The above-described methods can be used to identif>' DNA sequences that code for 
one or more CCR5 polypeptide sequences. A nucleotide sequence determined by the 
inventors, herein described as SEO ID NO:3 of the present invention, has been deposited with 
the Genbank/EMBL data libraries under accession number U57840. But many other related 
sequences that code for CCR5 and altered forms of CCR5 are contemplated in context of the 
vanous embodiments enumerated herein {e.g., SEO IDNO:!). 

In preferred embodiments fusion between env-expressing effector cells and CD4- 
expressing and CCR5-expressing target cells, prepared by infection with vaccinia virus, 
induces activation of Escherichia coli lacZ. causing p-galactosidase production in fused cells 
as described by Nussbaum ei oL, J, ViroL 68: 5411 (1994), which is incorporated in its 
entirerv' by reference. The specificity of cell fusion as measured with this assay is equivalent 
to the specificity of infection by HIV- 1 virions. 

The invention provides an isolated polynucleotide sequence encoding a polypeptide 
having an amino acid sequence as set forth in SEO ID NO:4. The term ^^isolated" as used 
herein includes polynucleotides substantially free of other nucleic acids, proteins, lipids, 
carbohydraies or other materials with which it is naturally associated. PohTiucleotide 
sequences of the invention include DNA, cDNA and RMA sequences which encode CCR5- 
It is understood thai all polynucleotides encoding all or a portion of CCR5 are also included 
herein, as long as they encode a pol)T3eptide with CCR$ activiu' (e.^., act as a cofactor for 
HI\' infection). Such polynucleotides include naturally occurring, s>Tithetic, and intentionally 
manipulated polynucleotides. For example, portions of the mRNA sequence may be altered 
due to alternate RNA splicing panems or ihe use of alternate promoters for RN A transcription. 
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As anoiher example. CCR5 poiynucleotide may be suhjecied lo siTc-direcied mutagenesis. 
The polynucleotide sequence for CCR5 also includes antisense sequences. The poly- 
nucleotides of the invention include sequences thai are degenerate as a result of the genetic 
code. There are 20 nanjral amino acids, most of which are specified by more than one codon. 
Therefore, all degenerate nucleotide sequences are included in the invention as long as the 
amino acid sequence of CCR3 polypeptide encoded by the nucleotide sequence is functionally 
unchanged. AJso included are nucleotide sequences which encode CCR5 poh^pepiide. such 
as SEO ID NO:l. Jn addition, the invention also includes a polynucleotide encoding a 
polypeptide having the biological activity of an amino acid sequence of SEQ ID NO:4 and 
having at least one epitope for an antibody immunoreaciive with CCR5 polypeptide. Assays 
provided herein which show association between HIV infection and expression of CCR5 can 
be used to delect CCR5 activity. 

The polynucleotide encoding CCR5 includes the nucleotide sequence in FIGURE 1 
(SEO ID NO: 1 and 3). as well as nucleic acid sequences complementary to that sequence. A 
complementar\^ sequence may include an antisense nucleotide. W^en the sequence is RNA. 
ihe deoxyribonucleotides A. G, C, and T of FIGURE 1 are replaced by ribonucleotides A, G. 
C. and U, respectively. Also included in the invention are fragments (portions) of the above- 
described nucleic acid sequences that are at least 15 bases in length, which is sufficient to 
pemiit the fragment to selectively hybridize to DNA that encodes the protein of FIGURE 1 
(e.g., SEQ ID NO: A). '*Se]ective hybridization"' as used herein refers to hybridization under 
moderately stringent or highly stringent physiological conditions (See, for example, the 
techniques described in Maniatis et al., 1989 Molecular Cloning A Laboratory Manual, Cold 
Spring Harbor Laborator\% N.Y., incorporated herein by reference), which distinguishes 
related from unrelated nucleotide sequences. 

In nucleic acid hybridization reactions, the conditions used to achieve a particular level 
of stringency will vary, depending on the nature of the nucleic acids being hybridized. For 
example, the length, degree of complementarity, nucleotide sequence composition (e.g., GC 
v. AT content), and nucleic acid type (e.g., RNA v. DNA) of the hybridizing regions of the 
nucleic acids can be considered in selecting hybridization conditions. An additional 
consideration is whether one of the nucleic acids is immobilized, for example, on a filter. 



wo 97/45543 PCT/L 597/09 586 

An example of progressively higher siringency condiiions is as follows: 2 x SSC/0.1% 
SDS ai about room temperature (hybridization conditions): 0.2 x SSC/0.1% SDS at about 
room temperature (low sinngency conditions); 0,2 x SSC/0.1% SDS at about 42*^0 (moderaie 
stringency condiiions): and 0.1 x SSC at about 68 °C (high stringency condiiions) Washing 
can be carried out using only one of these condiiions. e,^., high stringency conditions, or each 
of the condiiions can be used, e.g., for 1 0- i 5 minutes each, in the order iisied above, repeating 
any or all of ihe steps iisied. However, as mcmioncd above, optimal condiiions will vary, 
depending on the particular hybridization reaciion involved, and can be deienmined 
empirically. 

Specifically disclosed herein is a cDNA sequence for CCR5. SEQ ID NO:3 represents 
ihe wiid-r>T5e sequence and SEQ ID NO:l represents a cDNA which encodes CCR5 having 
a conservative substitution of Leucine for Alanine at amino acid residue 127. The result of 
this conser\'ative variaiion should not affect biological activity of CCR5 pol>TDetide or 
peptides containing the variaiion (see Example 5). 

DN A sequences of ihe inveniion can be obtained by several methods. For example, 
Ihe DNA can be isolated using hybridizaiion or computer-based techniques which are well 
known in ihe an. These include, but are not limited to: 1 ) hybridizaiion of genomic or cDNA 
libranes with probes lo detect homologous nucleoiide sequences; 2) antibody screening of 
expression libraries to detect cloned DNA fragments with shared structural features; 3) 
polymerase chain reaction (PCR) on genomic DNA or cDNA using primers capable of 
annealing to the DNA sequence of interest; 4) computer searches of sequence databases for 
similar sequences; and 5) differential screening of a subtracted DNA library'. 

Preferably the CCR5 polynucleotide of the invention is derived from a mammalian 
organism. Screening procedures which rely on nucleic acid hybridization make it possible to 
isolate any gene sequence from any organism, provided the appropriate probe is available. 
Oligonucleotide probes, which correspond to a pan of the sequence encoding the protein in 
question, can be s>7ithesized chemically. This requires that short, oligopeptide stretches of 
amino acid sequence must be known. The DNA sequence encoding the protein can be 
deduced from the genetic code, however, the degeneracy of the code must be taken into 
account, li is possible to perform a mixed addition reaction when the sequence is degenerate. 
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This includes a heicrogencous mixture of denatured double-stranded DNA. For such 
screening, hybridization is preferably performed on either single-siranded DNA or denatured 
double-stranded DNA. Hybridization is particularly useful in the detection of cDNA clones 
derived from sources where an extremely low amount of mRNA sequences relating to the 
poljpeptide of interest are present. In other words, by using strmgent hybridization conditions 
directed to avoid non-specific binding, it is possible, for example, to allow the 
autoradiographic visualization of a specific cDNA clone by the hybridization of the target 
DNA to that single probe in the mixture which is its complete complement (Wallace, ei qL. 
NucL Acid Res-, 9:879, 198]). Ahemaiively. a subtraciive library-, as illustrated herein is 
useful for elimination of non-specific cDNA clones. 

When the entire sequence of amino acid residues of the desired polypeptide is not 
knowTi, ihe direct s>Tilhesis of DNA sequences is not possible and ihe method of choice is the 
synthesis of cDNA sequences. Among the standard procedures for isolating cDNA sequences 
of interest is the formation of piasmid- or phage-carr>'ing cDNA libraries which are derived 
from reverse transcription of mRNA which is abundant in donor cells that have a high level 
of genetic expression. \^Tien used in combination with polymerase chain reaction iechnolog\\ 
even rare expression products can be cloned. In those cases where significant ponions of the 
amino acid sequence of the polypeptide are known, the production of labeled single or double- 
stranded DNA or RNA probe sequences duplicating a sequence putatively present in the target 
cDNA may be employed in DNAv^DNA hybridization procedures which are carried out on 
cloned copies of the cDNA which have been denatured into a single-stranded form (Jay, ei ai, 
NucL Acid Res,, V\:2325, 1983). 

A cDNA expression librar> , such as lambda gtl L can be screened indirectly for CCR5 
peptides having at least one epitope, using antibodies specific for CCR5. Such antibodies can 
be either polyclonally or monoclonally derived and used to delect expression product 
indicative of the presence of CCR5 cDNA. 

Alterations in CCR5 nucleic acid include intragenic mutations {e.g.. point mutation, 
nonsense (stop), missense, splice site and frameshifi) and heterozygous or homoz>'gous 
deletions. Detection of such alterations can be done by standard methods known to those of 
skill in the an including sequence analysis. Southern blot analysis, PCR based analyses {e.g.. 
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multiplex PCR. sequence lagged sites (STSs)) and in sim hybridization. Such proteins can be 
analyzed by standard SDS-PAGE and/or immunoprecipitaiion analysis and/or Western bloi 
analysis, for example. 

DNA sequences encodin*? CCR5 can be expressed in vino by DNA transfer into a 
5 suitable host cell. "Host cells" are cells in which a vector can be propagated and its DNA 

expressed. The term also includes any progeny of the subject host cell. It is understood thai 
all progeny may not be identical to the parental cell since there may be mutations that occut 
during replication. However, such progeny are included when the term "host cell" is used. 
Methods of stable transfer, meaning that the foreign DNA is continuously maintained in the 

2 0 host, are known in the art. 

In the present invention, the CCR5 polynucleotide sequences may be inserted into a 
recombinant expression vector. The lerm "recombinant expression vector" refers to a plasmid. 
virus or other vehicle knov^n in the an that has been manipulated by insertion or incorporation 
of the CCR5 genetic sequences. Such expression vectors contain a promoter sequence which 

15 facilitates the efficient transcription of the inserted genetic sequence of the host. The 

expression vector typically contains an origin of replication, a promoter, as well as specific 
genes which allow phenot>Tpic selection of the transformed cells Vectors suitable for use in 
the present invention include, but are not limited to the T7-based expression vector for 
expression in bactena (Rosenberg, er qL, Gene ,56:125. 1987). the pMSXND expression 

2C vector for expression in mammalian cells (Lee and Nathans. ./ BioL C/^em., 263:352 1 , 1988) 

and baculovirus-derived vectors for expression in insect cells. The DNA segment can be 
present in ihe vector operably linked to regulaiorv' elements, for example, a promoter (e g , T7. 
metallothionein L or polyhedrin promoters). 

Polynucleotide sequences encoding CCR5 can be expressed in either prokarN'Otes or 

2 5 eukaryotes. Hosts can include microbiaK yeast, insect and mammalian organisms. However, 

since mature CCR5 is glycosylated, the choice of host cells depends on whether or not the 
glycosylated or non-glycosylated form of CCR5 is desired. Methods of expressing DNA 
sequences having eukaryotic or viral sequences in prokaryotes are well knov^'n in the an. 
Biologically functional viral and plasmid DNA vectors capable of expression and replication 
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in a hosi are known in ihe an. Such vectors are used lo incorporate DNA sequences of the 
invention. 

Methods which are well known to those skilled in the art can be used to construci 
expression vectors containing the CCR5 coding sequence and appropriate transcriptional/- 
translational control sij^nals. These methods include in viiro recombinant DNA lechniques. 
syrilhetic techniques, and in vivo recombination/genetic lechniques. fSee, for example, the 
techniques described in Maniaiis ei a].. 1989 Molecular Cloning A Laboraiorv' Manual, Cold 
Spring Harbor Laboratory, N.Y.) 

A variety of host-expression vector systems may be utilized to express the CCR5 
coding sequence. These include but are not limited to microorganisms such as bacteria 
transformed with recombinant bactenophage DNA. plasmid DNA or cosmid DNA expression 
vectors coniainmg the CCR5 coding sequence; yeast transformed with recombinant yeast 
expression vectors containing the CCR5 coding sequence; plant cell systems infected with 
recombinant virus expression vectors {e.g.. cauliflower mosaic virus. CaMV: tobacco mosaic 
virus, TMV) or transformed with recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing the CCR5 coding sequence; insect cell systems infected with recombinant virus 
expression vectors ie g,, baculovirus) containing the CCR5 coding sequence; or animal cell 
systems infected with recombinant virus expression vectors (e.g., retroviruses, adenovirus, 
vaccinia virus) containing the CCR5 coding sequence, or transformed animal cell systems 
engineered for stable expression. Since CCR5 has not been confirmed lo contain 
carbohydraies.both bacterial expression systems as well as those that provide for iranslationai 
and posi-iranslaiional modifications may be used: e.g., miammalian. insect, yeast or plant 
expression systems. 

Depending on the host/vector system utilized, any of a number of suitable transcription 
and translation elements, including constitutive and inducible promoters, transcription 
enhancer elements, transcription terminators, etc. may be used in the expression vector (see 
e g,. Bitter et al.. 1987, Methods in EriZ\Tnology 152:5 1 6-544). For example, when cloning 
in bacterial s>'5tems, inducible promoters such as pL of bacteriophage 7, plac, pirp, piac (ptrp* 
lac hybrid promoter) and the like may be used. U'Tien cloning in mammalian cell systems, 
promoters derived from the genome of mammalian cells (e.g,^ metallothionein promoter) or 
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from mammaiian viruses (e.fy., the reirovirus long terminal repeal: the adenovirus laic 
promoier: the vaccmia virus 7.5K promoicr) may be used. Promoters produced by 
recombinant DNA or sxTithetic techniques may also be used to provide for iranscnpiion of the 
inserted CCR5 codmp sequence. 
5. In yeas;, a number of vectors coniainmi? constitutive or mducible promoters may bf 

used. For a review see. Current Protocols in Molecular Biology, Vol. 2, 1988, Ed. Ausubel 
ei al., Greene Publish. Assoc. & Wiley Iniersoence, Ch 13; Grant et al., 1987, Expression and 
Secretion Vectors fox Yeast, in Methods in Enz>'mology, Eds. Wu & Grossman, 31987, Acad 
Press, N-Y.. Vol. 153, pp. 516-544; Glover. 1986. DNA Cloning, Vol. 11. IRL Press, Wash.. 
2Q D.C- Ch. 3: and Bitter, 1987, Heterologous Gene Expression in Yeast, Methods in 

Enzymology, Eds. Berger & Kimmel. Acad. Press. N.Y., Vol. 152, pp. 673-684; and The 
Molecular Biolog>' of the Yeast Saccharomyces. 1982, Eds. Sirathem ei al.. Cold Spnnu 
Harbor Press. Vols. 1 and 11. A constitutive yeasi promoter such as ADH or LEU2 or an 
inducible promote: such as GAL may be used (Cloning in Yeast. Ch. 3, R. Rothstein In: DNA 
15 Cloning VoLll, A Practical Approach. Ed, DM Glover, 1986, IRL Press, Wash., D-C). 

Alternatively, vectors may be used which promote integration of foreign DNA sequences into 
the yeast chromosome. 

Eukaryotic systems, and preferably mammalian expression systems, allow for proper 
post-translaiional modifications of expressed mammalian proteins to occur. Eukaryotic cells 
2 0 which possess the cellular machinery for proper processing of the pnmary transcript, 

glycosylation, phosphorylation, and advaniageousiy, plasma membrane insertion of the gene 
product may be used as host cells for the expression of CCR5. 

Mammalian cell s>'stems which utilize recombinant viruses or viral elements lo direct 
expression mav be engineered. For example, when using adenovirus expression vectors, the 
2 5 CCR5 coding sequence may be ligated to an adenovirus transcnption/translation control 

complex, e g., the late promoter and tripartite leader sequence. Alternatively, the vaccinia 
vir\3S 7.5K promoter may be used. {e,g ^ see. Macketi et al., 1 982, Proc. Natl. Acad. Sci, USA 
79: 7415-7419; Mackett et al., 1984. J. ViroL 49: 857-864; Panicali el aL. 1982, Proc. Natl. 
Acad. Sci. USA 79: 4927-4931). Of panicular interest are vectors based on bovine papilloma 
3Q virus which have the ability to replicate as extrachromosomal elements (Sar^er. el al., 1981. 



1 £ 




wo 97/45543 PCT/US97/09586 
Mol. Cell. Bio]. 1: 486). Shortly afier enir> of this DNA into mouse cells, the plasmid 
replicates to about 100 lo 200 copies per cell. Transcription of the insened cDNA does not 
require integration of the plasmid into the host's chromosome, thereby yielding a high level 
of expression These vectors can be used for stable expression by including a selectable 
t marker in the plasmid, such as. for example, the neo gene. Alternatively, the retroviral 

genome can be modified for use as a vecior capable of introducing and directing the 
expression of the CCRf> gene in host cells (Cone &. Mulligan, 1984. Proc. Naii Acad Sci. 
USA 81:6349-6353). High level expression may also be achieved using inducible promoters, 
includmg, but not limited to, the metallothionme IIA promoter and heat shock promoters. 

10 For iong-ieirn. high-yield production of recombinant proteins, stable expression is 

preferred. Rather than using expression vectors which contain viral origins of replication, host 
cells can be transformed with the CCR5 cDNA controlled by appropriate expression control 
elements (e.g.. promoter, enhancer, sequences, transcription terminators, polyadenylaiion 
sites, etc.). and a selectable marker. Tne selectable marker in the recombinant plasmid confers 

15 resistance to the selection and allows cells to stably integrate the plasmid into their 

chromosomes and grow to fomi foci which in turn can be cloned and expanded into cell lines. 
For example, following the introduction of foreign DNA, engineered cells may be allowed to 
grow for 1-2 days in an enriched media, and then are switched to a selective media. A number 
of selection systems may be used, includmg but not limited to the herpes simplex virus 

2 0 thymidine kinase (Wigler.e/ aL, 1977. Cell JJ: 223), h>'poxanihine-guanine phospho- 

ribosyllransferase (Szybalska & Szybalski. 1962. Proc. Natl Acad. Sci. USA 48: 2026), and 
adenine phosphoribosyliransferase (Lov^'ys ei aL, 1980, Cell 22'- 817) genes can be employed 
in tk-, hgpn* or aprt cells respectively. Also, antimetabolite resistance can be used as the 
basis of selection for dh6, which confers resistance to methotrexate (Wigler, et ai, 1980, Nail. 

2E Acad. Sci. USA 11\ 3567; O'Hare, €( aL. 1981. Proc. Nail. Acad, Sci. USA 78: 1527); gpt, 

which confers resistance to mycophenolic acid (Mulligan & Berg, 1 981 , Proc. Natl. Acad. Sci. 
USA 78: 2072: neo. which confers resistance to the aminoglycoside G-41 8 (Colberre-Garapin. 
€1 oL, 1981. J. Mol. Biol 150 : 1); and hygro. which confers resistance to hygromycin 
(Santerre, ei aL, 1984, Gene 30: 147) genes. Recently, additional selectable genes have been 

3C described, namely irpB, which allows cells to utilize indole in place of tryptophan; hisD, 
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which allows cells lo utilize hisiinol in place of hisiidine (Hanman & Mulligan. 1988. Proc, 
NaiL Acad, Sci. USA 85: 8047); and ODC (ornithine decarboxylase) which confers resistance 
to the ornithine decarboxylase inhibiioi, 2-(dinuorcmeihylVDL-omiThin€, DFMO 
(McConlogue L., 1987, In: Current Communications in Molecular Biolog>\ Cold Spring 
Harbor Laboratory ed.). 

When the host is a eukaryoie, such methods of transfeciion of DNA as calcium 
phosphate co-precipitates, conventional mechanical procedures such as microinjeciion, e- 
leciroporation, insertion of a plasmid encased in liposomes, or virus vectors may be used. 
Eukaryotic cells can aiso be cotransformed with DNA sequences encoding the CCR5 of the 
invention, and a second foreign DNA molecule encoding a selectable phenorj^^e, such as the 
herpes simplex thymidine kinase gene. Another method is to use a eukaryotic viral vector, 
such as simian virus 40 (SV40) or bovine papilloma virus, to transiently infect or transform 
eukaryotic cells and express the protein, (see for example. Eukaryotic Viral Vectors. Cold 
Spnng Harbor Laboratory, Gluzman ed., 1982). 

Cell Lines 

In one embodiment, the present invention relates to stable recombinant cell lines, the 
cells of which express CCR5 polxpeptide or coexpress human CD4 and CCR5 and contain 
DNA that encodes CCR5. Suitable cell types include but are not limned to cells of the 
following types: NIH 3T3 (Murine), Mv 1 lu (Mink), BS-C-1 (African Green Monkey) and 
human embryonic kidney (HEK) 293 cells. Such cells are described, for example, in the Cell 
Line Catalog of the American lyp^ Culture Collection (ATCC). These cells can be siably 
transformed by a method known to the skilled artisan. See, for example, Ausubel ei al, 
Jnrroduction of DNA Inio Mammalian Cells, in CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY, sections 9.5.1-9.5.6 (John Wiley & Sons, Inc. 1995). "Stable" transformation in 
the context of the invention means that the cells are immortal to the extent of having gone 
through ai least 50 divisions. 

CCR5 can be expressed using inducible or constituitive regulatory elements for such 
expression. Commonly used constituitive or inducible promoters, for example, ar^ knowTi in 
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the an. The desired protein encoding sequence and an operably linked promoter may be 
introduced into a recipient cell either as a non-replicaiinp DNA (or RNA) molecule, which 
may either be a linear moiecule or, more preferably, a closed covaleni circular molecule. Since 
such molecules are incapable of autonomous replication, the expression of the desired 
molecule may occur through the transient expression of the introduced sequence. 
Aliernativeiy, permanent expression may occur through the integration of the introduced 
sequence into the host chromosome. Therefore the cells can be transformed stably or 
transiently. 

An example of a vector that may be employed is one which is capable of integrating 
the desired gene sequences into the host cell chromosome. Cells which have stably integrated 
the inuoduced DNA into their chromosomes can be selected by also introducing one or more 
markers which allow for selection of host cells which contain the expression vector. The 
marker may complement an auxotrophy in the ho^i (such as Ieu2. or ura3, which are common 
yeast auxotrophic markers), biocide resistance, e.g., antibiotics, or heavy metals, such as 
copper, or the like. The selectable marker gene can either be directly linked to ihe DNA gene 
sequences to be expressed, or introduced into the same cell by co-transfeclion. 

In a preferred embodiment, the introduced sequence wiJl be incorporated into a 
plasmid or viral vector capable of autonomous replication in the recipient host. Any of a wide 
variet>' of vectors may be employed for this purpose. Factors of importance in selecting a 
panicular plasmid or viral vector include: the ease with which recipient cells that contain the 
vector may be recognized and selected from those recipient cells which do not contain the 
vector; the number of copies of the vector which are desired in a panicular host; and whether 
it is desirable to be able to "shuttle" the vector between host cells of different species. 

For a mammalian host, several possible vector systems are available for expression. 
One class of vectors utilize DNA elements which provide autonomously replicating 
extra-chromosomal plasmids, derived from animal viruses such as bovine papilloma virus, 
polyoma virus, adenovirus, or SV40 virus. A second class of vectors include vaccinia virus 
expression vectors. A third class of vectors relies upon the integration of the desired gene 
sequences into the host chromosome. Cells which have stably integrated the introduced DNA 
into their chromosomes may be selected by also introducing one or more markers (e.g., an 
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exogenous gene) which allow selection of host cells which contain the expression vecior. The 
marker may provide for proioiropy lo an auxoirophic host, biocide resistance, e.g.. antibiotics, 
or heaxy metals, such as copper or the like. The selectable marker gene can either be direcilv 
linked to the DNA sequences to be expressed, or introduced into the same cell by co-trans- 
formation. Addiiaonal elements may also be needed for opiimal synthesis of mRNA. Tnese 
elements may include splice signals, as well as transcription promoters, enhancers, and 
termination signals. ThecDNA expression vectors incorporating such elements include those 
described by Okayama, H.. MoL Cell. Biol., 3:280 (1983). and others. 

Once the vector or DNA sequence containing the construct has been prepared for 
expression, the DNA construct may be introduced (transformed) into an appropriaie host. 
Various techniques may be employed, such as protoplast fusion, calcium phosphate 
precipitation, eleciroporaiion or other conventional techniques. 

TRA NSGENIC ANIMALS 

Ln another embodiment, the present invention relates to transgenic animals having cells 
that coexpress human CD4 and CCR5- Such transgenic animals represent a model system for 
the study of HI\^ infection and the development of more effective anii-HlV therapeutics. 

The term "animaK' here denotes all mammalian species except human. 1: also includes 
an individual animal in all stages of development, including embryonic and fetal stages. Farm 
animals (pigs, goats, sheep, cows, horses, rabbits and the like), rodents (such as mice), and 
domestic pets (for example, cats and dogs) are included within the scope of the present 
invention. 

A "transgenic" animal is any ammal containing cells that bear genetic infonnaiion 
received, directly or indirectly, by deliberate genetic manipulation at the subcellular level, 
such as by microinjection or infection with recombinant virus. "Transgenic" in the present 
context does not encompass classical crossbreeding or in viiro fenilization, but rather denotes 
animals in which one or more cells receive a recombinant DNA molecule. Although it is 
highly preferred that this molecule be integrated within the animal's chromosomes, the 
present invention also contemplates the use of extrachromosomally replicating DNA 
sequences, such as might be engineered into yeast artificial chromosomes. 



wo 97(455« ^ 

The ,c,m -„.„.ge„jc a„,ma!- ai.o ,„cludes a " •""1'S"«)95«. 

■hen me,. ,„„. „e ,.„3.e„ic a„™.„, ' " '""-^ of.ha, l„f„„„„,„„ 

highiy prcfe^ed ihai ,he i,a„,„ 

.ech„o,„,.s fo, e^b^o n,ic,„„a„ip.,a„o„ „ol p" " ^'^^""^ 

- f-,H.e, .a^anan ova. ,„3,a 17 o °' '""o»'Uo.s DN. 

e">ho,os a,e ,„,ec,ed a „„„v™. „„1 " '"'^-^<' -e.hod. d.ve,„p.„.. 

""'"t a^r """"" " ""'"'^ 

: - ~i~::t^ ™" ^ 

-ew. Of s,a.dard ,abo™o^ p,o„du.es J I '"" ^'^ '"-ce. 
--„a«a„ ,„,ou,e, p„. ,3^^, ^ °' """ol^ous BUA. :n.o 

" "' ■ ^""^-Wc^, 9:86 ,,99,). Pa,„ , """"f P-ss 1986); K^„p„,„„ 

OHNHr,C ^^K,UL.T,OK OK THH r;^;:! "--^^ '""^^ -e^e,!, 
Ha^bo, , ,,3,^ ^^-^ EMBR Vo ,Co,d Sp^n.' 

No 5 n 1 L'-S.pa,emN.o. . ,7. 38< ' ^"e„„, 

The CD.NA ,ha, encodes CCRi 1 "''"^"'^'^'^ *>• '^ference. 

■^^^'"-'-''■'-'auona.con.o.o/allltr 1 """" ^'^^ .he 

-P-e. e.a.p,e, p.pa..,o„ , I IIT ^ """^ ~ ^ 'hen 



BEST AVAILABLE COPY 



wo 97/45543 PCT/L!S97/09586 
methods. See. for example, the standard work: Sambrook ei oL, MOLECULAR CLONING: 
A LABORATORY MANUAL (Cold Spring Harbor Press 1989), the coniems of which are 
incorporated by reference. The amplified construct is thereafter excised from the vector and 
purified for use in producing transgenic animals. 

Production of transgenic animals containing the gene for human CD4 have been 
described. See Snyder ei ai. supra: Dunn ei ai. supra, the contents of v^hich are incorporated 
by reference. 

The term "transgenic'" as used herein addiiionally includes any organism whose 
genome has been altered by in vuro manipulation of the early embryo or fertilized egg or by 
any transgenic technology to induce a specific gene knockout. The term "gene knockout" as 
used herein, refers to the targeted disruption of a gene in vivo with complete loss of function 
that has been achieved by any transgenic technology familiar to those in the art. In one 
embodiment, iransgemc arumals having gene knockouts are those in which the target gene has 
been rendered nonfuncuonal by an insenion targeted to the gene to be rendered non-functional 
by homologous recombination. As used herein, the term "transgenic" includes any transgenic 
technology familiar to those in the an which can produce an organism carrying an introduced 
tiansgene or one in which an endogenous gene has been rendered non-functional or "knocked 
out.'' 

The transgene to be used in the practice of the subject invention is a DNA sequence 
comprising a modified CCR5 coding sequence. In 2 preferred embodimem, the CCR5 gene 
is disrupted by homologous targeting in embryonic stem cells. For example, the entire mature 
C-terminal region of the CCR5 gene may be deleted as descnbed in the examples below. 
Optionally, the CCR5 disruption or deletion may be accompanied by insertion of or 
replacement with other DNA sequences, such as a non-functional CCR5 sequence. In other 
embodiments, ihe transgene comprises DNA aniisense to the coding sequence for CCR5. In 
another embodimenu the transgene composes DNA encoding an antibody or receptor peptide 
sequence which is able to bind to CCR$. Where appropriate, DNA sequences that encode 
proteins having CCR5 activity but difier in nucleic acid sequence due to the degeneracy of 
the genetic code may also be used herein, as may truncated forms, allelic variants and 
interspecies homologues. 
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AN TIBODIES WHiCH BIND TO CCRS INHIBIT FUSION 

In anoiher embodimenu the preseni invention relates lo antibodies that bind CCR5 
that block cnv-mediaied membrane fusion (i) associaied with HIV enir> imo a human 
CD4-posiiive lar^^ei cell or (ii) between an }JlV-infecied cell and an uninfected human 
CD4-posiiive target cell. The invention also includes antibodies that bind to CCRS and inhibit 
chemokine binding. For example, such antibodies may be useful for ameliorating immune 
response disorders associated with macrophages. Antibodies of the invention may also inhibit 
gpl20 binding to CCR5- Such antibodies could represent research and diagnostic tools in the 
study of HIV infection and the development ol more effective anti-HIV therapeutics. In 
addition, pharmaceutical compositions comprising antibodies against CCR5 may represent 
effective anii-HIV therapeutics. 

An antibody suitable for blocking ^/7v-mediated membrane fusion, inhibiting 
chemokine binding, or blocking gpl20 binding to CCRS. is specific for at least one portion 
of an extracellular region of the CCRS polypeptide, as shown in Figure 1 (SEO ID NO:2 and 
4). For example, one of skill in the an can use the peptides in SEQ ID NO:5-7 or other 
extracellular amino acids of CCRS ic generate appropriate antibodies of the invention. 
Alternatively, one of skill in the an can use whole cells expressing CCRS as an immunogen 
for generation of anii-CCRS antibodies which either block ^^7v-mediaied membrane fusion, 
inhibit chemokine bindmg or block gpl20 binding to CCRS. Anii-CCRS antibodies of the 
invention may have any or all of these functions. 

A target cell includes but is not limited to a cell of the following tj'pes: Mv ] lu. NIH 
3T3, BS-C-i, HEK295 cells and primary^ human T-celis and macrophages. Antibodies of the 
invention include polyclonai antibodies, monoclonal antibodies, and fragments of polvclonal 
and monoclonal antibodies. 

The preparation of polyclonal antibodies is w^ell-known to those skilled in the an. See. 
for example, Green ei aL, Produciion of Polyclonal Aniisera. in IMMUNOCHEMICAL 
PROTOCOLS (Manson, ed.), pages lo (Humana Press 1992); Coligan ei qL. Production of 
Polyclonal Amisera in Robbus, Pais, Mice and Hamsiers, in CURJIENT PROTOCOLS IN 
IMMUNOLOGY, section 2.4.1 (1992), which are hereby incorporated by reference. 
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The preparation of monoclonal antibodies likewise is conveniional. See. for example. 
Kohler & Milsiem. Naiure 256:495 (1975); Coiipan ei ai, sections 2.5.1-2.6.7; and Harlow 
€1 qL. ANTIBODIES: A LABORATORY MANUAL, pace 726 (Cold Spnng Harbor Pub 
1988), which arc hereby incorporated by reference. Briefly, monoclonal aniibodies can be 
5 obiamed by injecimc mice with a composition comprising an antigen, verifying the presence 

of antibody production by removing a serum sample, removing the spleen lo obtain B 
lymphoc>aes. fusing the B lymphoc\aes with myeloma cells to produce hybridomas. cloning 
the hybiidomas, selecting positive clones that produce aniibodies lo the antigen, and isolating 
the aniibodies from the hybridoma cultures. Monoclonal aniibodies can be isolated and 

2 0 purified from hybridoma cultures by a variety of well-established techniques. Such isolation 

techniques include affmity chromatography with Protein-A Sepharose, size-exclusion 
chromatography, and ion-exchange chromatography. See, e g.. Coligan ei oL, sections 2.7.1- 
2.7.12 and sections 2.9.1-2.9.3; Barnes et aL. Purijlcahon of ImmunoglobvUn G (IgG), in 
METHODS IN MOLECULAR BIOLOGY. VOL. 10, pages 79-104 (Humana Press 1992) 

3^5 Methods oi in varo and in vivo multiplication of monoclonal aniibodies is well-known 

to those skilled in the an. Multiplication in vin o may be carried out in suitable culture medic 
such as Dulbecco's Modified Eagle Medium or RPMl 1640 medium, optionally replenished 
by a mammalian serum such as fetal calf serum or trace elements and grownh-sustaining 
supplements such as normal mouse peritoneal exudate cells, spleen cells, bone marrow 

2 0 macrophages- Production m viiro provides relatively pure antibody preparations and allows 

scale-up to yield large amounts of the desired antibodies. Large scale hybridoma cultivation 
can be carried out by homogenous suspension culture in an airlift reactor, m a continuous 
stirrer reactor, or in immobilized or entrapped cell culture. Multiplication in vivo may be 
carried out by injecting cell clones into mammals hisiocompatible with the parent cells, e.g.. 

2 5 osyngeneic mice, to cause growih of antibody-producing tumors. Optionally, the animals are 

primed with a hydrocarbon, especially oils such as prisiane (teiramethylpeniadecane) prior to 
iniection. After one to three weeks, the desired monoclonal antibody is recovered from the 
body fluid of the animal. 

Therapeutic applications for antibodies disclosed herein are also pan of the present 

3 0 invention. For example, antibodies of the present invention may also be derived from 
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subhuman primate aniibody. General iechniques for raising therapeutically useful antibodies 
in baboons can be found, for example, in Goldenberp ei cL, Iniemaiional Paieni Pubiicaiion 
WO 91/1 1465 (1991) and Losman ei al . im. J. Cancer 46:310 (1990). which arc hereby 
incorporated by reference. 

Aliemaiively. a therapeutically useful anti-CCR5 antibody may be derived from a 
^'humanized" monoclonal antibody. Humanized monoclonal antibodies are produced by 
transferring mouse complementarit>' determining regions from hea\7 and light variable chains 
of the mouse immunoglobulin into a human variable domain, and then subsiiiuting human 
residues in the framework regions of the murine counterparts. The use of aniibody 
componenis derived from humanized monoclonal antibodies obviates potential problems 
associated with the immunogenicity of murine constant regions. General techniques for 
cloning murine immunoglobulm variable domains are described, for example, bv Orlandi a 
qL, Proc. Nan Acad Sci USA 86:3833 (1989). which is hereby incorporated in its entirety 
by reference. Techniques for producing humanized monoclonal antibodies are described, for 
example, by Jones ei al.. Nature 321 : 522 (1986): Rjechmann ei al. Nature 332: 323 (1988): 
Verhoeyen et oL^ Science 239: 1534 (1988): Caner ei aL, Proc. Nai'l Acad. Sci USA 89: 4285 
(1992); Sandhu, Cru. Rev. Biotech. 12: 437 (1992): and Singer o/., J. Immuriol. 150: 2844 
f 1 993), which are hereby incorporated by reference. 

Antibodies of the invention also may be derived from human aniibody fragments 
isolated from a combinatorial immunoglobulin librar) . See, for example, Barbas ei oL, 
METHODS: A COMPANION TO METHODS FN ENZYMOLOGY, VOL. 2, page 119 
(1991): Winier et ai.Ann. Rev. Immunol 12: 433 (1994). which are hereby incorporated by 
reference. Cloning and expression vectors that are useful for producing a human 
immunoglobulin phage library can be obtained, for example, from STRATAGENE Cloning 
Systems (La Jolla, CA). 

In addition, antibodies of the present invention may be derived from a human 
monoclonal aniibody. Such antibodies are obtained from transgenic mice that have been 
"engineered" to produce specific human antibodies in response to antigenic challence. In this 
technique, elements of the human heax'^' and light chain loci are introduced into strains of 
mice derived from embr>'onic stem cell lines that contain targeted disruptions of the 
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endoi>enous heav\' and \igh\ chain loci. The transgenic mice can synthesize human antibodies 
specific for human antigens, and the mice can be used lo produce human antibody-secreiinc 
hybridomas. Methods for obtaining human antibodies from transgenic mice are described by 
Green el ai. Nature Gencr 7:15 (1994): Lonberg ei a!., Nuiure 368:856 (1994): and Taylor 
ei ai. Jnr. Jmmunoi 6:579 (1994). which are hereby incorporated by reference. 

.-Antibody fragments of the present invention can be prepared by proteol\aic hydrolysis 
of the antibody or by expression in £ coli of DNA encoding the fragment Antibody 
fragments can be obtained by pepsin or papain digestion of whole antibodies by conventional 
methods. For example, antibody fragments can be produced by enz>'niaiic cleavage of 
antibodies v^'iih pepsin to provide a 5S fragment denoted F(ab')v This fragment can be funher 
cleaved using a thiol reducing agent, and optionally a blocking group for the sulfhydr>'l groups 
resulting from cleavage of disulfide linkages, to produce 5.5S Fab' monovalent fragmems. 
Altemaiively, an enz>'maiic cleavage using pepsin produces two monovalent Fab* fragments 
and an Fc fragmenr directly. These methods are described, for example, by Goldenberg. U.S. 
patents No. 4,036,945 and No. 4,33 1 ,647, and references contained therein. These patents are 
hereby incorporated in their entireties by reference. See also Nisonhoff e/ ai. Arch. Biochem 
Biophys 89:230 (1960); Ponei. Bwchem. J. 73:1 19 (1959): Edeiman et al., METHODS IN 
ENZYMOLOGY, VOL. 1, page 422 (Academic Press 1967); and Coligan et a!, at sections 
2.8.1-2-8.10 and 2,10.1-2.10-4. 

Other methods of cleaving antibodies, such as separation of heav\^ chains to form 
monovalent light-heavy chain fragments, further cleavage of fragments, or other enzN'matic. 
chemical, or genetic techniques may also be used, so long as the fragments bind to the antigen 
that is recognized by the intact antibody. 

For example, Fv fragments comprise an association of V,, and V chains. This 
association may be noncovalen:, as described in Inbar ei oL, Proc. Nat'l Acad. Sci USA 
69:2659 (1972). Altemaiively, the variable chains can be linked by an intermolecuJar 
disulfide bond or cross-linked by chemicals such as glutaraldehyde. See, e g., Sandhu, supra. 
Preferably, ihe Fv fragments compnse \'y and chains connected by a peptide linker. These 
single-chain antigen binding proteins (sFv) are prepared by constructing a structural gene 
comprising DNA sequences encoding the and A' domains connected by an 
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oliponucieoiide. The siruciural yene is insened inio an expression vector, which is 
subsequently introduced into a host cell such as E. coli. The recombinant host cells synthesize 
a sinplc polypeptide chain with a linker peptide bridging: the two V domains. N4eihods for 
producing sFvs are described, for example, by Whitlow ei al.. METHODS: A COMPANION 
5 TO METHODS IN ENZYMOLOGY. VOL. 2. page 97 (1991): Bird ei a!.. Science 

242:423-426 (1988); Ladner i'/ al... U.S. patent No. 4,946,778: Pack ei oL, Bio/Technology^ 1 1 : 
1271-77(1 993): and Sandhu, supra. 

Another form of an antibody fragment is a peptide coding for a single 
complemeniariTy-determining region (CDR). CDR peptides ("minimal recognition units") can 

2 0 be obtained by constructing genes encoding the CDR of an antibody of interest. Such genes 

are prepared, for example, by using the polymerase chain reaciion to synthesize the variable 
region from RNA of antibody-producing cells. See. for example^ Larrick e( aL, METHODS: 
A COMPANION TO METHODS IN ENZYMOLOGY. VOL. 2, page 106 (1991). 

Antibodies that bind to CXCR4 chemokine receptor, another HIV fusion cefaclor 

15 receptor, have been shown to block fusion of HIV strains that use CXCR4 receptor for 

infection (Feng, ei aL. Science 772:872. 1996; Endies, etaL, Cell 87:7 A5, 1996), 

VARIANTS OF CCRS 

The tenm ''CCR5 variant" as used herein means a molecule that simulates at least pan 
of the smjcnire of CCR5 and interferes with the fusion of cells that express env with cells thai 

2 0 express CD4 and CCR5. The env protein of certain HIV' isolates may participate in HIV 

infectivitN' by binding to CCRS at the surface of cenain cells. "WTiile not wishing to be bound 
by a panicular theory' of the invention, the inventors believe that CCR5 variants may interfere 
in HIV infectivirx' by competing with the binding of CCR5 to env. CCRS variants may also 
be useful in preventing chemokine binding, thereby ameliorating s>Tnpioms of macrophage 

2 5 associated immune disorders. 

In one embodiment, the present invention relates to peptides and peptide derivatives 
that have fewer amino acid residues than CCRS and that block membrane fusion between \\Y\' 
and a target cell. Such peptides and peptide derivatives could represent research and 
diagnostic tools in the study of HW infection and the development of more effective anti-HlV 
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therapeuiics. The preferred peptide fragments of CCR5 according to the invemion include 
those which correspond to the regions of CCR5 that are exposed on the cell surface . SEO 
lDNO:5. 6 or 7). 

The invention relates no; oniy lo peptides and peptide derivatives of 
namrallv-occuning CCR5. but also io CCR5 mutants and chemically synthesized derivatives 
of CCR5 that block membrane fusion bemeen HIV and a target cell. For example, changes 
m the amino acid sequence of CCR5 are contemplated in the present invention. CCR5 can be 
altered by changing the DNA encoding ihe protein (e.g., SEQ ID NO:l&2). Preferably, only 
conserx'ative amino acid alterations are undertaken, using amino acids that have the same or 
similar properties. Illustrative amino acid substitutions include the changes of: alanine to 
senne; arginine to lysine; asparagine to giutamine or hisiidine; aspartate to glutamaie: cysteine 
to serine; giutamine to asparagine; gluiamate to aspartate; glycine to proline; hisiidine to 
asparagine or giutamine: isoleucine to leucine or valine: leucine to valine or isoleucine; lysine 
10 arginine, giutamine, or gluiamate: methionine to leucine or isoleucine; phenylalanine lo 
tyTOsine, leucine or methionine: serine to threonine: threonine to serine; irvpiophan to 
tyrosine; tyrosine to tr>piophan or phenylalanine; valine to isoleucine or leucine. 

Variants useful for the present invention comprise analogs, homologs, muiems and 
mimetics of CCR5 that retain the abiiit>' to block membrane fusion. Peptides of the CCR5 
refer to portions of the ammo acid sequence of CCR5 that also retain this abiliU'. The variants 
can be generated directly from CCR5 itself by chemical modification, by proieolyiic enzyrne 
digestion, or by combinations thereof Additionally, genetic engineering techniques, as well 
as methods of s>Tithesizing pol>peptides directly from amino acid residues, can be employed. 

Peptides of the inveniion include the follounng which coRespond to extracellular loops 
of CCR5 (amino acid designations are according to the single lener code): 
extracellular loop- 1 (el- 1 ) (SEQ ID N0:4): A/LAAQWDFGNTMC 
extracellular loop-2 {el-2) (SEQ ID NO:5): RSQKEGLH YTCSSHFPYSOYQFWK 
extracellular loopo (el-3) (SEQ ID N0:6): QEFFGLNNCSSSNRLD 

Figure 2 shows ihe ability of SEQ ED NO: 4, 5 and 6 lo inhibit fusion between cells expressing 
the HTV'l env (from the macrophage tropic Ba-L isolate) and munne cells co-expressing CD4 
andCCR5. 
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Pepiides of ihe mveniion can be synihesized by such commonly used meihods as i- 
BOC or FMOC proieciion of alpha-amino proups. Both meihods involve siepv^'ise syntheses 
wherebv a sinyie amino acid is added at each siep sianing from the C temiinus of the peptide 
(See, Colitzan. ei aL, Curreni Proiocois tn immunoiogy-. Wiley Inierscience, 1991. Unit 9). 
r. Peptides of the invention can also be synthesized by the well known solid phase peptide 

s>nthesis meihods described Merrifieid. J. Am Cncm. 85:2 149, 1962). and Siewan and 
Young. Solid Phase Pepiides Symhesis. (Fieeman. San Francisco, 1969, pp. 27-62), using a 
copolyisiyrene-divinylbenzene) containing 0.1-1 .0 mMol amines/g pol\Tner. On completion 
of chemical synthesis, the pepiides can be deproiected and cleaved from the polymer by 
J ueaimcni with liquid Hr-10% anisole for about 1/4-1 hours at O^'C. After evaporation of the 

reagents, the peptides are extracted fromi the polymer with 1% aceiic acid solution which is 
then lyophilized to yield the crude material. This can normally be purified by such techniques 
as gel filtration on Sephadex G-15 using 5% aceiic acid as a solvent. Lyophilizaiion of 
appropnaie fracnons of tiie column will \neld the homogeneous peptide or peptide derivatives. 

1 £ which can then be charactenzed by such standard techniques as amino acid analysis, ihin layer 

chromatography, high performance liquid chromatography, ultraviolet absorption spectros- 
copy, molar rotation, solubility, and quantiiaied by the solid phase Edman degradation. 

Altemaiiveiy, peptides can be produced b\' recombinant methods as described below 
The term "subsiantialiy purified'' as used herein refers to a molecule, such as a peptide 
20 thai is subsianiialiy free of other proteins, lipids, carbohydrates, nucleic acids, and other 

bioiogical maierials with which it is naturally associated. For example, a subsianiialiy pure 
molecule, such as a poi>7?eptide, can be at least 60%, by dry weight, the molecule of inierest. 
One skilled in the an can purif>' CCR5 pepiides using standard protein purification methods 
and the punr\^ of the poij'peptides can be deiermmed using standard methods including, e.g.. 

2 5 polyacryiamide gei electrophoresis {e.g., SDS-PAGE), column chromatography (e.g., high 

performance liquid chromatography (HPLC)), and amino-terminal amino acid sequence 
analysis. 

Non-peptide compounds thai mimic the bindmg and function of CCR5 (**mimeiics") 
can be produced by the approach outlined in Saragovi ef al.. Science 255: 792-95 (1991). 

3 0 Mimetics are molecules which mimic elements of protein secondar>' structure. See, for 

2 7 
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example, Johnson e: "Peptide Turn Mimeiics." in BIOTECHNOLOGY A"ND 
PHARMACY, Pezzuio ei a!.. Eds.. (Chapman and Hall. New York 1993). The underlyini: 
raiionale behind the use of peptide mimeiics is ihai ihe peptide backbone of proieins exists 
chiefly lo orient amino acid side chains in such a way as to facilitate molecular interactions 
For the purposes of the present invention, appropriate mimetics can be considered to be the 
equivalent of CCR5 itself. 

Longer peptides can be produced by the "native chemical"' ligation technique which 
links together peptides (Dawson, ei aL, Science, 266 :776. 1994). Variants can be created by 
recombinant techniques employmg genomic or cDNA cloning methods. Site-specific and 
region-directed mutagenesis techniques can be employed See CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY vol. 1. ch. 8 (Ausubel ei oi. eds., J. Wiley & Sons 1989 & Supp. 
1990-93); PROTEIN ENCrNEERING (Oxender & Fox eds.. A. Liss. inc. 1987). In addition, 
linker-scanning and PCR-mediaied techniques can be employed for mutagenesis. See PCR 
TECHNOLOGY (Eriich ed.. Stockton Press 1989); CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY, vols. ! & 2, supra. Protein sequencing, structure and modeling 
approaches for use wiih an>' of the above techniques are disclosed in PROTEIN 
ENGINEERING, ioc. cir, and CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, 
vols. 1 & 2, supro. 

If the compounds described above are employed, the skilled anisan can routinely 
insure lhai such compounds are amenable for use with the present invention in view of the 
vaccinia cell fusion system described herein. If a compound blocks e«v-mediaied membrane 
fusion (i) involved in HIY' entry into a human CD4-positive target cell or (ii) be^^^'een an 
HJY'-infecied cell and an uninfected human CD4-posiiive target celL the compound is suitable 
according to ihe invention. 

CCRS'BINDJNG AND BLOCKING A GENTS 

In yet anoihei embodiment, ihe present invention relates lo CCR5-binding agents that 
block membrane fusion berween HIV and a target cell. Such agents could represent research 
and diagnostic tools in the study of HP^'* infection and the development of more effective 
anti-HlV therapeutics. In addition, pharmaceutical compositions comprising CCR5-bindmg 



wo 9'?/45543 PCTnJS97/09586 
cpenis mny rcprescni effeciive anii-HlV therapeuiics. in ihe context of HIV inleciion. the 
phrase "CCR5-bindinp spent" denotes a naiuraliy occurring ligand of CCR5 such as. for 
example: RANTES. MlP-la or MlP-iP; a syniheiic iipand of CCR5. or appropnaic 
derivatives, of the natural or syniheiic lipands. The determinauon and isolation of lipands is 
well described in the an. Sec. e.p., Lemer. Trends A'euroSci. 17:142-146 (1994^) which is 
hereb>- incorporated in iis entirety by reference. A CCR5-binding agent thai blocks 
c^/iv-mediated membrane fusion (i) involved in HIV entr>' into a human CD4-positive target 
cell or(iil between an HIV-infected eel) and an uninfected human CD4-posiiive target cell ]S 
suitable according to the invention. Further, a CCR5 blocking or binding agent includes an 
agent which inhibits gp]20 binding to CCR5 or chemokine binding lo CCR5. 

In yet another embodiment, the present invention relates to CCR5-binding agents that 
iniertere with binding between CCR5 and a chemokine. Such binding agents may inienere 
by competitive inhibition, by non-competiiive inhibition or by uncompetitive inhibition. 

inierference with normal binding between CCR5 and one or more chemokines can 
result in a useful pharmacoiogical effect related to infjammaiion because CCR5 binds 
chemokines that reguiaie monoc>ae accumulation and activation in inflamed tissue sites. 
Nevertheless, while monoc>ne chemoiaxis is the most widely shared and perhaps best 
described function for MIP- 1 a. MIP- 1 {3 and R-ANTES. apparently each of the CC CKRs that 
bind one or more of these chemokines connect specifically and differentially to additional 
monocvTe functions such as T-cell costimulaiion. 

Monoc>aes are long-lived cells capable of further differentiation as ihey move from 
the blood to establish residence in the tissues as macrophages. The functional propenies of 
tissue macrophages differ in different organs, and in the same organ depending on the 
presence of priming agents, i.e., agents that can change the behavior of monocytes and make 
them more sensitive to chemoanracianis. CCR5-binding or blocking agents can interfere with 
the normal functioning of this system to reduce inflammation and are contemplated by the 
present invention, Anii-CCR5 antibodies of the invention a^e also useful in ihis coniexi. 



SCREEN FOR CCCKR5 BINDING AND BLOCKING COMPOSITIONS 
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In anoiher embodimeni. ihe inveniion provides a meihod for ideniifving a composiiion 
which binds to CCR5 or biocks HIV f A7v-mediaicd membrane fusion. The method includes 
incubating components comprising the composition and CCR5 under conditions sufficient to 
allow the components lo micrsci and measuring the bindinp of ihe composition to CCR5. 
Compositions that bind to CCR5 include peptides, peptidomimeucs, poKpeptides. chemical 
compounds and biologic agents as described above, in addition to inhibition of cell fusion, 
one of skill in the an could screen for inhibition of gpl20 binding or inhibiiion of CCR5 
binding to a chemokine to deiermine if a compound or composiiion was a CCR5 binding or 
blocking agent. 

Incubating includes conditions which allow contact between the test composition and 
CCR5 Contacting includes in solution and in solid phase The test ligand(s)/composition 
may optionally be a combinatorial iibran' for screening a plurality of compositions 
Compositions identified in the meihod of the invention can be further evaluated, detected. 
cioned. sequenced, and the like, either in solution or after binding to a solid suppon, by any 
method usually applied to the deiection of a specific DNA sequence such as PCR. oligomer 
resmction fSaiki, ei al, Bio/Technoiog}\ 2:]00S']0]2. 1985). alieie-specific oligonucleotide 
(ASO) probe analysis (Conner, ei al.. Proc. Nail Acad. Sci USA, 80:278, 1983), 
oligonucleotide ligation assays (OLAs) (Landegren. ei a!.. Science, 24 1 :1 077. 1988), and the 
like. Molecular techniques for DNA analysis have been reviewed {Landegren^ ei oL, Science. 
242:229-257, 1988). 

To determine if a composition can functionally complex with the receptor protein, 
induction of the exogenous gene is monitored by monitoring changes in the protein levels of 
the protein encoded for by the exogenous gene, for example. W'Tien a composiiion(s) is found 
that can induce transcription of the exogenous gene, it is concluded that this composition(s) 
can bind to the receptor protein codec for by the nucleic acid encoding the initial sample tes: 
composition(s). 

Expression of the exogenous gene can be monitored by a functional assay or assay foi 
a protein product, for example. The exogenous gene is therefore a gene which will provide 
an assayable/measurabie expression product in order to allow- detection of expression of the 
exogenous gene. Such exogenous genes include, but are not limited to, reporter genes such 
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a5 chloramphenicol acen'liransfcrase L^ene. an alkaline phosphaiasc pene. beia-galaciosidase.a 
luciferase pene. a green fluoresceni proiein yene, guanine xanihine phosphoribosyltranslerase. 
alkaline phosphatase, and antibiotic resistance genes (e.o . neomycin phosphoiransferase). 

Expression of the exopenous pene is indicative of composition-receptor binding, thu^. 
5 the binding or blocking composition can be identified and isolated. The compositions of ihf 

present invention can be extracted and purified from the culture media or a cell bv usmp 
knowTi protein purification techniques commonly employed, such as exiraciion, precipitation- 
ion exchange chromatography, affinity chromatography, gel fihraiion and the like 
Compositions can be isolated by affinity chromatography using the modified receptor protein 

1 0 extracellular domain bound to a colum-n matrix or by heparin chromatography. 

Also included in the screening method of the mventibn is combinaiorial chemisir> 
methods for identif>'ing chemical compounds that bind lo CCR5. Lipands/composiiions ihai 
bind to CCR5 can be assayed in standard celhcell fusion assays, such as the vaccinia assav 
described herein to determine whether the composition inhibits or blocks e/7v-mediated 
membrane fusion (i) involved in HIA entrv into a human CD4-posiiive target cell or (ii) 
between an HA'-infecied cell and an uninfected human CD4-posiiive target cell. Screening 
methods include inhibition of chemokine binding to CCR5 (e.g.. use radiolabeled chemokine} 
or inhibition of labeled gpl20. For exampie, a derivative of R-ANTES was shown to act as a 
CCRf receptor antagonist (RANTES 9-68: Arenzana-Seisdedos ei al.. Nature 383:400. 1996. 

2 0 incorpor^ated by reference). AOP-R.ANTES and Met-R.ANTES were shown to bind with high 

affmirN' yet failed to induce chemoiaxis signalling, thereby acting as an antagonist (Simmons 
et al.. Science 226:276, 1997). Thus, the screening method is also useful for identifying 
variants, binding or blocking agents, etc .. which functionally, if not physically {e.g., stencally) 
act as antagonists or agomsts, as desired. 

2 5 PHARMA CEUTJCAL COMPOSJTJONS 

The invention also includes vanous pharmaceutical compositions that block membrane 
fusion between HIV and a target cell The pharmaceutical compositions according to the 
invention are prepared by bringing an antibody against CCR5. a peptide or peptide derivative 
of CCR5. a CCR5 mimetic, or a CCR5-binding agent according to the present invention into 
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a form suiiabie for adminisiraiion lo 3 subicci usinu comers, excipicnis and addiiives or 
auxiliaries. Frecuenily used carriers or auxiliaries include magnesium carbonate, litanium 
dioxide, lactose, manniiol and other supars, laic. milk proiem, eeiaiin, starch, vitamins, 
cellulose and its derivatives, animal and vet?etab]e oils, poiyethyiene giycois and solventi. 
such as sterile water, alcohols, ^'lycerol and polyhydric alcohols. Intravenous vehicles include 
fluid and nutrient replenishers. Preserv-atives include antimicrobial, anti-oxidanis, chelating 
agents and inen gases. Other pharmaceutically acceptable carriers include aqueous solutions. 
non-toxic excipienis. including salts, preser\^atives. buffers and the like, as described, for 
instance, in Remington's Phormaceuiical Sciences. 15th ed. Easton: Mack Publishing Co.. 
1405']412. 146]-!487 (1975) and Tne Nanonal Formulan^ XJV.. ]4ih ed. Washington: 
American Pharmaceutical Association (1975). the contents of which are hereby incorporated 
bv reference The pH and exact concentration of the vanous components of the 
pharmaceutical composition are adjusted according lo routine skills in the an. See Goodman 
and Giiman's The Pharmacological Basis for Therapeutics f7th ed.). 

In another embodiment, the invention relates to a method of blocking the membrame 
fusion between Hr\' and a target cell This method involves administering to a subject a 
therapeutically effective dose of a pharmaceutical composition coniaming the compounds of 
the present invention and a pharmaceuiically acceptable came:. *' Administering" the 
pharmaccuxical composition of the present invention may be accomplished by any means 
known to the skilled anisan. By "subject*" is meant any mammal, preferably a human. 

The pharmaceutical compositions are preferably prepared and administered in dose 
units. Solid dose units are tablets, capsules and suppositories. For treatmieni of a paiieni. 
depending on activm- of the compound, manner of administration, nature and severirv' of the 
disorder, age and body weight of the patient, different daily doses are necessar> . Under 
certain circumstances, however, higher or lower daily doses may be appropriate. The 
administration of the daily dose can be carried out both by single administration in the form 
of an individual dose unit or else several smaller dose units and also by multiple 
administration of subdivided doses at specific intervals. 

The pharmaceutical compositions according to the inveniion are in general 
administered topically, intravenously, orally or parenterally or as implants, but even rectal use 
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is possible in principle. Suitable solid or liquid phaiTnaceuiicaj preparaiion forms are, for 
example, pranuies. powders, tablets, coated tablets, ( micro )capsuies. suppositories, s>Tup5. 
emulsions, suspensions, creams, aerosols, drops oi inieciabie solution in ampule form and also 
preparaiions wnih protracted release of active compounds, in whose preparaiion excipients and 
r additives and/o: auxiliaries such as disintegranis. bmders. coating apents. swelling apents. 

iubricanis. fjavonnps. sweeteners or solubiiizers are customarily used as de.scribed above. The 
pharmaceuncai compositions are suitable for use m a variety of drup deliver)' systems. For 
a brief review of present methods for drup delivers', see Langer, Science. 249: 1527-1533 
(1990). which is incorporated herein by rei'erence. 
iO The pharmaceutical compositions according to the invention ma>' be administered 

locally or sysiemicalh. By "iherapeuiicaliy effective dose" is meant the quanliry of a 
compound accordmp to the invention necessar\' to prevent, to cure or at ieasi panialiy arres: 
the symptoms of the disease and its complications Amounts effective for this use will, of 
course, depend on the severity of the disease and the weight and general state of the patient. 

1 E Tjpically, dosages used jn viiro may provide useful guidance in the amounts useful for in siiu 

administration of the pharmaceutical composition, and animal models m.ay be used to 
determine effective dosages for ireaiment of particular disorders. Various considerations are 
described, eg , m Giiman ei ol. (eds.) (1990) GOODM-AN AND OILMAN'S; THE 
PHARMACOLOGICAL BASES OF THEFLAPEUTICS. 8th ed.. Pergamon Press: and 

2 0 REMINGTON'S PHARMACEUTICAL SCIENCES. 1 7ih ed. (1990), Mack Publishing Co.. 

Easton. Pa., each of which is herein incorporated by reference. 



TESTING FOR NEW PHARM4CEVTJCAL COMPOSITIONS 

In a preferred embodiment, the invention is a method for screening a compound ("test 
substance") for anii-HIV pharmacological aciivir>\ In this embodiment, the CCR5 and CD4 
2 5 genes are expressed in one type of eukaryoiic cell and incubated with a second ty^pe of 

eukar>'Oiic cell that expresses an HIV envelope protein {"env"). Fusion between at least one 
cell of each type with the other type is then m,oniiorec. The test substance is added to the 
incubation solution before or after mixing of the cells and its effect on the fusion rate of cells 
is determined by any of a number of means. One means to monitor fusion is to include a 
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svsiem ihai resuiis in the producnon of an active p-gaiaciosidase upon cell fusion as described 
in Nussbaum ei ai., 199'^. supra. If the test molecuie inhibits HIV infectivin^ then the 
presence of the moiecuic will decrease the cell fusion response. In the case where the tesi 
substance binds a nanjraliy occurring molecule present in the human that is necessar\' for HIV 
infeciivity, then addition of the test molecuie may decrease cell fusion. 

Tne cell fusion assay can be used to deiermme the functional ability of CCR5 to confei 
env-mediaied fusion competence to a diverse range of CD4-posiiive {eg., either 
recombinanily produced or naturally occumng) cell types: e g., NIH 3T3 (murine); BS-C-l 
(African green monkey): HEK293 (human): and Mv ] Lu (mink). In addition, unusual, 
fusion-incompetent. CD4-positive human cell types can be employed (lj-87 MG glioblastoma: 
and SCLl). 

Variations of drug screening methods are known to the artisan of average skill in this 
field- Consequently, the cell fusion assay can be used in a wide variety of formats to exploii 
the properties of the CCR5 receptor to screen for drugs that are effective against HIV. 

AA TJSENSE or RJBOZYME JNHJBJTJO.\- OF CCR5 FOR HJV THERAPY 

Antisense technolog>' offers a very specific and potent means of inhibiting HIV 
infection of cells thai contain CCR5, for example, by decreasmg the amount of CCR5 
expression in a cell. Antisense polynucleotides in context of the present invention includes 
both short sequences of DNA knowTi as oligonucleotides of usually 10-50 bases in length as 
well as longer sequences of DNA that may exceed the length of the CCR5 gene sequence 
itself Antisense poixmucleoiides useful for the present invention are complementary' to 
specific regions of a corresponding target mRNA. Hybridization of antisense pohTiucleotides 
to their target transcripts caji be highly specific as a result of complementarx' base pairing. 
The capability of antisense polynucleotides to hybridize is affected by such parameters as 
length, chemical modification and secondar>' structure of the transcript which can influence 
pohnucieotide access to the target site. See Stein ei oL Cancer Research 48:2659 ( 1 988). An 
antisense pohTiucleotide can be introduced to a cell by introducing a DNA segment that cedes 
for the polvTiucleotide into the cell such that the polynucleotide is made inside the cell, n 
antisense polynucleotide can also be introduced to a cell by adding the poiN^nucleotide lo the 
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environmeni of the eel! such thai ihe celi can take up ihc polynucieoiide direcily. The laner 
rouic js prefcncd for ihe shoner poiynucieoiidcs of up lo aboui 20 bases in length 

In selcciin^> The prefened icngnh for a yiven poiynucleoiide, a balance must be struck 
lo ^^ain ihc most favorabie characicrisiic.^.. Shoner polynucleotides such as lO-io 15-mers. 
while offering higher cell penetration, have lower gene specificity. In contrast, while longer 
polynucleoiides of 20-30 bases offer beiier specificiiy, they show decreased uptake kinetics 
into cells. See Stem ei al.. PH0SPH0R0TH10ATE OUGODEOX NUCLEOTIDE 
.AJ^'ALOGUES in '*Oiigodeox^^^ucleotides - Ajiiisense Inhibitors of Gene Expression" Cohen, 
ec. McMillan Press. London (1988). Accessibihiy to mRNA target sequences also is of 
importance and. therefore, loop-forming regions in targeted mRNAs offer promising targets. 

In ihis disclosure the term "poiynucieoiide" encompasses both oligomenc nucleic acid 
moieties of the type found in nature, such as ihe deoxyribonucleoiide and ribonucleotide 
structures of DNA and RNA. and man-made analogues which are capable of binding to 
nucleic acids found in narure. Tlie pol>Tiucieoiides of the present invention can be based upon 
ribonucleotide or deox\Tibonucleoiide monomers linked by phosphodiesier bonds, or by 
analogues linked by methyl phosphonate, phosphorothioate. or other bonds. They may also 
comprise monomer moieties which have altered base structures or oiher modifications, but 
which still retain the abihrv' to bind to naturally occurring DNA and RNA structures. Such 
polynucleotides may be prepared by methods well-known in the an, for instance using 
commercialh' available machines and reagents available from Perkin-Eimer/Applied 
Biosystems (Foster City. CA). 

Phosphodiester-iinked polynucleotides are paniculariy susceptible to the action of 
nucleases m scrum or mside cells, and therefore in a preferred embodiment the 
poiynucleoiides of the present invention are phosphorothioate or methyl phosphonate-linked 
ar»aiogues, which have been shown to be nuclease-resistani . Persons of ordinan^ skill in this 
an wall be able to select other linkages for use in the invention. These modifications also may 
be designed lo improve the cellular uptake and stability of the polynucleoiides. 

In another embodiment of the invention, the antisense polynucleotide is an RNA* 
molecule produced by introducing an expression construct into the target cell. The RNA 
molecule thus produced is chosen to have the capabihty to hybridize to CCR5 mRNA. Such 
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molecules that have this capability car inhibii iranslation of the CCR5 mRNA and ihereh\ 
inhibii the abilir\' of HIV lo infeci ceils ihat-coniain ihe RNA molecule. 

The polynucleotides which have the capability to hybndize with mRNA larpeis can 
inhibit expression of corresponding gene products by multiple mechanisms, in "translation 
arres:." the interaction of polynucleotides with larpe: mRJs'A blocks :he action of the 
ribosomai complex and, hence, prevents translation of the messenger RNA into protein. 
Haeupile ei ai. Nucl. Acidw Res. 14:1427 (1986). In the case of phosphodiesier ot 
phosphorothioate DNA polynucleotides, intracellular RNase K can digest the targeted RNA 
sequence once it has hybridized to the DNA oligomer. Walder and Walder. Proc\ Nail. Acad 
Sci. USA 85:5011 (1988) As a further mechanism of action, in "transcription arrest" ii 
appears that some polynucleotides can form "tripie.N." or tripie-helical strxictures with double 
stranded genomic DNA containing the pene of interest. ihu5 interfering with iranscnpiion b>- 
RNA polNTnerase. Giovannangeli et al., Proc. Naii Acad. Sci. 90:10013 (1993); Ebbinghaus 
e/ oi. J. Clin. Jnvesi. 92:2433 (1993). 

In one preferred embodiment, CCR5 polynucleotides are synthesized according to 
standard methodology- Phosphorothioate modified DNA polynucleotides rxpicaliy are 
SNTiihesized on automated DNA s>TJthesizers available fromj a vanerv' of manufacturers. These 
insunmenls are capable of s>Tilhesizing nanomoie amounts of pol\Tiuc!eoiides as long as 100 
nucleotides. Shorter polynucleotides symhesized by modem instruments are often suitable 
for use v^ithout further purification. If necessary', polynucleotides may be purified by 
polyacrv'iamide gel electrophoresis or reverse phase chromiatogiaphy. See Sambrook et aL, 
MOLECULAR CLONING: A Loboraion^ ManuoL Vol. 2. Chapter 1 ]. Cold Spnng Karbo: 
Laborator>' Press, Cold Spnng Harbor, NY (1989). 

Alternatively, a CCR5 poixnucleotide in the form of annsense RNA may be introduced 
to a cell by its expression wiihjn the cell from a standard DNA expression vector. CCR5 DNA 
amisense sequences can be cloned from standard plasmids into expression vectors, which 
expression vectors have characteristics penmiriing higher levels of. or more efficieni 
expression of the resident polynucleotides. At a minimum, these constructs require a 
prokaryotic or eukaryotic promoter sequence w^hich initiates transcnpiion of the inserted DNA 
sequences A preferred expression vector is one where the expression is inducible to high 



wo 97/45543 PCTa:S97/09586 

leveis. This is accompiished by ihe addnion of a regulator)' region which provides increased 
iranscnpnon of do\\Tisiream sequences m the appropriate hosi celi. See Sambrook ei oL, Vol 
3. Chapie: 16 (1989). 

For example, CCR5 aniisensc expression vectors can be consirucied usine the 
£ polymerase chain reaction fPCR) to amplify appropriate fraprrjcnis from sin^jle-siranded 

cDNA of a piasmid such as pRc in which CCR5 cDNA has been incorporated. Fane ei oL. 
J, Biol Chen: 267 25889-25897 (1992). Polynucleotide synthesis and punficauon 
techniques are described in Sambrook ei al and Ausubel ei al. (eds.), CURR£NT 
PROTOCOLS ]N MOLECULAR BIOLOGY (Wiley Imerscience 1987) (hereafie: 
"Ausubel"), respeciiveiy. The PCR procedure is performed v;a well-known meihodolocn . 
See. for example. Ausubel. and Banghan';. "The Polymerase Chain Reaction: Geiung Staned." 
in PROTOCOLS IN HUMAN MOLECULAR GENETICS (Humana Press 1991). Moreover. 
PCR kits can be purchased from companies such as Stratagene Cloning Systems (La Jolla. 
CA) and Inviirogen (San Diego, CA). 

The producis of PCR are subcioned into cloning vectors. In this coniexi, a "cloninp 
vector" is a DNA molecule, such as a piasmid. cosmid or bacteriophage, thai can replicate 
autonomously in a host prokarv'oiic celi Cloning vectors typically contain one or a small 
number of resuiciion endonuclease recognition sites at which foreign DNA sequences can be 
inserted in a determinable fashion without loss of an essential biological function of the 
2 0 vector, as well as a marker gene that is suitable for use in the identification and selection of 

cells transfoirned wth the clomng vector. Suitable cloning vectors are described by Sambrook 
ej a!., Ausubei. and Brown (ed.). MOLECULAR BIOLOGY LABFA>: (Academic Press 
1991). Cloning vectors can be obtained, for example, from GIBCO/'BRL (Gaithersburg. MD). 
Clontech Laboratones. Lnc. (Palo Alio. CA). Promega Corporation (Madison. Wl), Siratagene 
Cloning Systems (La Jolla, CA), invi;rocen f San Diego. CA). and the .American T >pe Culture 
Collection (Rockvilie, MD). 

Preferably, the PCR producis are iigaied into a "TA" cloning vector. Methods for 
generating PCR producis wqih a ihymidme or adenine overhang are well-known ic those of 
skill in the ar.. See, for example, Ausubel at pages 15.7.1-15.7.6. Moreover, kits for 
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performinj2 TA cloning can be purchased frcm companies such as Inviirogen (San Diego. 
CA). 

Cloned aniisense fragmenis arc amplified b\' uansfoiming compeieni baciehai celis 
with a cloninj: vecior and growing the bacierial hcsi cells in ihe presence of ihe appropriate 
antibiotic. See. for example. Sambrook ci ai., and Ausubel. PCR is then used lo screen 
bacienal host ceils for CCR5 aniisense oneniaiion clones. The use of PCR for bacierial host 
cells IS described, for example, by Hofmann ei uL. "Sequencing DNA Amplified Directly from 
a Bactenal Colony/' m PCR PROTOCOLS: METHODS AND APPLICATIONS, VvOiiie fed,), 
pages 205-2] 0 (Humjana Press 1993), and by Cooper ei oi, "PCR-Based Full-Lengih cDN.A 
Cloning Liiiiizing the Universal-Adapior/Specific DOS Primer-Pair Strategy/' Id. ai pages 
305016. 

Cloned aniisense fragments are cieaved from the cloning vecior and inserted into an 
expression vector. For example, Hind]]] and Xba] can be used to cleave the aniisense 
frapmeni from TA cloning vector pCR^""'-]! (lnv]trogen:San Diego, CA). Suitable expression 
vectors lypicaliy coniam (1) prokaryotic DNA elements coding for a bacterial origin of 
replication ajid an antibiotic resistance marker lo provide for the amplificarion and selection 
of the expression vecior in a bacteria! host; (2) DNA elements that control initiation of 
transcription, such as a promoter; and (3) DNA elements that control the processing of 
transcnpis, such as a transcription lermination/polyadenylation sequence. 

For a mammalian host, the transcnpiional and iranslational regulaiorx' signals 
preferably are derived from viral sources, such as adenovirus, bovine papilloma virus, simian 
virus, or the like, m which the reguiatoiy signals are associated with a particular gene which 
has a high level of expression. Suitable iranscnptionai and iranslational regulatory sequences 
also can be obtained from mammalian genes, such as actin, collagen, myosin, and 
meiallolhionein genes. 

Transcnptional regulatory sequences include a promoter region sufficient to direct the 
initiation of RNA SNTilhesis. Suitable eukaiy^otic promoters include the promoter of the mouse 
meiallothionein I gene (Hamer ei ql,J. Moiec. Appi. Genei. 1 : 273 < 1 982)); the TK promoter 
of Herpes virus (McKjiight, Cell 31: 355 (1982)); the SV40 early promoter (Benoist ei ai. 
h'Qiure 290: 304 (1981); the Rous sarcoma virus promoter (Gorman ei ai, Proc. Not'l Acad. 
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Sci. USA 79: 6777 (1982)); and ;he cviomegalovirus promoicr fFoecking er aL, Gene 45: 101 
(1980)). 

AliemaiiveK'. 2 prokaryotic promoier. such as the bacieriophape T3 RNA polymerase 
promoier. can be used lo conirol fusion pene expression if ihe prokar>'Olic promoter 
repulaied by a eukar>^oiic promoter. Zhou ei aL. Moi Cell. Bio/, 10: 4529 (1990); Kaufman 
eiaL, Nucl. Acids Res. 19:4485 (1991 ) 

A vector for iniroducing at least one aniisense poJynucleoiide into a cell by expression 
from a DNA is ihe vector pRc/CKfX'' (Inviirogen (San Diego. CA), which provides a high level 
of constitutive iranscnpiion from mammaiian enhancer-promoter sequences. Cloned CCR5 
aniisense veciors are amplified in bacieriai host cells, isolated from the cells, and analyzed as 
described above 

Another possible method by which aniisense sequences may be exploited is via pene 
iherapy. Virus-like veciors. usually derived from retroviruses, may prove useful as vehicles 
for the importation and expression of aniisense constructs in human cells. Generally, such 
vectors are non-replicative in vivo, precluding any unintended infection of non-target cells. 
in such cases, helper cell lines are provided which supply the missing replicaiive functions in 
vitro, thereby permining amplification and packaging of the aniisense vector. A further 
precaution agains: accidental infection of non-iargei cells involves the use of target celi- 
specific regulator)' sequences. When under ihe control of such sequences, aniisense constructs 
would not be expressed in norma] tissues. 

Two pnor studies have explored the feasibilirs' of using aniisense polynucleotides lo 
inhibit the expression of a heparin binding growth factor. Kouhara ei oL. Oncogene 9 455- 
462 ( ] 994); Momson. J. Biol Chem. 266; 728 ( 1 99 1 ) Kouhara ei al. showed thai androgen- 
dependent growih of mouse mammary carcinoma cells (SC-3) is mediated through induction 
of androgen-inducec. hepann binding growah factor (AlGF). An aniisense 15-meT 
corresponding to the translation initiation site of AlGF was measured for its abilir\' lo interfere 
w^ilh androgen-induciion of SC-3 cells At concemraiions of 5 ^M, the aniisense 
polynucleotide effeciively inhibited androgen-induced DNA synthesis. Momson showed thai 
aniisense polynucleotides targeted against basic fibroblast grownh factor can inhibit growih 
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of asirocyies in cuiiurc. Thus, ihe j?cneral feasibiiit\ of targeting an individual gene product 
in a mammalian cell has been established, 

Aniisense polynucleotides according lo the present invention are derived from any 
portion of the open rcoding frame of the CCR5 cDNA. Preferably. mRJsfA sequences d) 
5 sunounding the translation iniiiaiion sue and (ii) forming loop structures are targeted. Based 

upon the si2e of tne human genome, siaiisiicai studies show that a DNA segment 
approximately 14-15 base pairs long will have a unique sequence in the genome. To ensure 
specificity of targeting CCR5 RNA. therefore, n is preferred that the aniisense polynucleotides 
are at least 15 nucleotides m length. Thus, the shortest polynucleotides contemplated by the 

1 0 present invention encompass nucleoiides corresponding to positions 1-14. 1-15. 1-16, 1-17. 

1-18. 1-19, 2-16. 3-17. eic, of the CCR5 cDNA sequence. Position 1 refers to the first 
nucleotide of the CCR5 coding region. 

Not every aniisense polynucicoiide will provide a sufficient degree of inhibition or a 
sufficient level of specificity for the CCR5 largei Thus, it will be necessar>' lo screen 
15 polynucleotides to determine which have the proper antisense characteristics. A preferred 

method to assay for a useful antisense polynucicoiide is the inhibition of cell fusion between: 
(1) cells that coniain CD4 and CCR5: and (2) cells that contain enw 

Administration of an aniisense polynucleotide to a subject, either as a naked, synthetic 
pohTiucleoiide or as pan of an expression vector, can be effected via any common route (oraL 

2 0 nasal, buccal, rectal, vaginal, or topical), or by subcutaneous, intramuscular, imraperiioneal. 

or intravenotis injection. Pharmaceutical compositions of the present invention, however, are 
advantageously administered in the form of injectabie compositions. A typical composition 
for such purpose compnses a pharmaceuticaliy acceptable solvent or diluent and other 
suitable, physiologic compounds. For instance, the composition may contain polxTiucieolide 
2 5 and about 10 mg of human serum albumin per milliliter of a phosphate buffer containing 

NaCl. 

As much as 700 milligrams of antisense polynucleotide has been administered 
intravenously to a patient ever a course of 10 days c f . 0.05 mg-^kg/hour ) without signs of 
toxicity'. Sterling. "Systemic Antisense Treatment Reponed/' Geneiic Engineering AVuvv 12: 
30 1,28 (1992). 
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Other pharmace'jiically acceptable excipients include non-aqueous or aqueous 
solutions and non-ioxic compositions incJudinp salts. preser\'aiives. buffers and the like. 
Examples of non-aqueous solutions are propylene glycol, polyethylene giycoi. vegetable oil 
and injeciabie organic esters such as eihyloieaie. Aqueous solutions include water, 
alcohoiic/aqueous solutions, saline solutions, parenteral vehicles such as sodium chloride. 
Ringer's dexirose. eic. Intravenous vehicles include fluid and nuineni replenishers. 
Preser\'atives include antimicrobial, anii-oxidanis. cheiatmg agents and inert gases. The pH 
and exact concentration of the various components the pharmaceutical composition arc 
adjusted according to routine skills in the an. A preferred pharmaceutical composition for 
topical administration is a dermal cream or transdenrial patch. 

Antisense pohnucieoiides or their expression vectors may be administered by inieciion 
as an oily suspension Suitable lipophilic solvents or vehicles include farr\' oils, such as * 
sesame oil. or synthetic fain acid esters, such as eihyi oleate or irigjycerides. Moreover, 
antisense polynucleotides or vectors may be combined with a lipophilic earner such as anv 
one of a number of sterols including cholesteroL cholaie and deoxycholic acid. A preferred 
sterol is cholesterol. Aqueous injecuon suspensions may contain substances which increase 
the viscosity of the suspension include, for example, sodium carboxymethyi cellulose, 
sorbiioi, and/or dexiran. Optionally, the suspension also contains stabilizers. 

An aitemaijve formulation for the administration of antisense CCR5 poUTiucieoiides 
involves liposomes. Liposome encapsulation provides an alternative t'ormulalion for the 
administration of antisense CCR5 poi\Tiuc]eoiides and expression vectors. Liposomes are 
microscopic vesicles thai consist of one oi more lipid biiayers surrounding aqueous 
companmenis. See, generally. BakJcer- Woudenberg ei al.. Eur. J. Clin. MicrobioL injeci. Dis 
12 (SuppL 1): S61 (1993). and Kim, Drugs 46: 618 (]993). Liposomes are similar in 
composition to cellular membranes and as a result, liposomes can be administered safeiv and 
are biodegradable. Depending on the method of preparation, liposomes may be unilamellar 
or multilamellar, and liposomes can var\- in size wiih diameters ranging from 0.02 \im to 
greater than 10 um. A varien* of agents can be encapsulated in liposomes: hydrophobic agents 
partition in the biiayers and hydrophilic agents partition within the inner aqueous space(s). 
See, for example, Machy ei qL, LIPOSOMES FN' CELL BIOLOGY AND 
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PHARMACOLOGY (John Libbcy 1987). and Osito ei ai.. American J Hasp Phorm 46: 
1576 {] 989,1. Moreove:. n is possible to coniroi ihe therapeuiic availabilm* of the 
encapsulaied agent by var>ing liposome size, the number ofbilayers. lipid composition. 25 
well as the charge and suilace characteristics of the hposomes. 

Liposomes can adsorb to vinualiy any type of cell and then slowly release ihe 
encapsulated ageni. Aliemaiiveiy. an absorbed liposome may be endocxnosed by cells thai 
are phagoc\aic. Endocyiosis is followed by mtraiysosomal degradation of liposomal lipids 
and release of the encapsulated agents. Scherphof ei ai., Ann. h\ Y. Acad. Sci. 446: 368 (1985). 

After intravenous administration, conveniionai liposomes are preferentially 
phagocvtosed inio the reiiculoendoihelial system. Howcve;. the reiiculoendothehal system 
can be circumvented by several methods including saturation with large doses of liposome 
panicles, or selective macrophage inactivation by pharTCacoiogical means. Claassen e! ol^ 
Bwchim. Biophys. Acio 802: 428 (1984}. In addition, incorporation of glycoiipid- or 
polyeiheiene glvcoi-derivaiiscd phospholipids into liposome membranes has been shown to 
result in a significantly reduced uptake by the reticuloendothelial system. Allen ei aL. 
Bwchim. Biophys. Acia }06S: 1 33 ( 1 991 ); Allen eial.. Biochim. Biohys. Ada MSQi 9 (1993) 
These Stealth® liposomes have an increased circulation time and an improved targeting to 
nimors in animals. Woodie ei a!.. Proc. Amer. Assoc Cancer Res. 33: 2672 (1992). Human 
clinical trials are in progress, including Phase 111 cHnica! trials against Kaposi's sarcoma. 
Gregoriadis ei aL. Drugs AS: 15 (1993). 

Antisense polynucieoiides and expression vectors can be encapsulated within 
liposomes using standard techniques A varieu' of different liposome compositions and 
methods for s\Tiihesis are knov^n to those of skill in the an. See. for example. U.S. Patent No. 
4.844.904, U.S. Patent No. 5,000.959, U.S. Patent No. 4,863.740, and U.S. Patent No. 
4,975,282, all of which are hereby incorporated by reference. 

Liposomes can be prepared for targeting to panicular cells or organs by varv^ing 
phospholipid composition or by insening receptors or ligands into the liposomes. For 
instance, antibodies specific to tumor associated antigens may be incorporated into liposomes, 
together with antisense polynucleotides or expression vectors, to target the liposome more 
effeciivelv to the tumor cells. See. for example. Zelphati ei oL. Amisense Research and 
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Development 2: 323-358 (1993). describing the use "immunoliposomes" coniaininc antisense 
polynucleotides for human iherap>-. 

In general. The dosa^^e of administered liposome-encapsulatec anusense 
poi\Tiucieotides and vectors will var>' depending upon such factors as the patient s ape. weiphi. 
heiphi. sc,\, general medical condition and previous medical hision.'. Dose ranges foi 

particular forniuiauons can be determined b>' using a suitable animal model. 

The above approaches can also be used not only wiiii aniisense nucleic acid, but also 
whh ribozymes. or triplex agents to block transcription or translation of a specific CCR5 
mRNA. either by masking that mRNA with an aniisense nucleic acid or triplex agent, or 
by cleaving it with a ribozyme. 

Use of an oligonucleotide to stall rranscnption is known as the triplex strategy smce 
the oligomer winds around double-heiical DNA. forming a three-strand helix. Therefore, 
these triplex compounds can be designed to recognize a unique site on a chosen gene 
(Mahei. ei aL, Anusense Res. and Dev., H3) ;227. 1991: Helenc. C, Anticancer Drug 
Design, 616):569, 1991). 

Ribozymes are RJNA molecules possessing the ability to specifically cleave other 
smgie-stranded RNA in a manner analogous to DNA restriction endonucleases. Through 
the modification of nucleotide sequences which encode these RNAs, it is possible to 
engineer molecules thai recognize specific nucleotide sequences m an RNA molecule and 
cleave it (Cech, J.Amer.Med. Assn., 260 :3030. 1988). A major advantage of this approach 
IS that, because they are sequence-specific, only mRNAs with particular sequences are 
inactivated 

There are rwo basic types of riboz>Tnes namely, leirahymena-iypc (Hasselhoff 
Naiure, 334:585-, 1988) and "hammerhead"-t>T3e. Teirohymena-xype nbozxanes recognize 
sequences which are four bases in length, while "hammerhead"-iype ribozymes recognize 
base sequences 11-18 bases in length. The longer the recognition sequence, the greater the 
likelihood that the sequence will occur exclusively in the target mRJvA species. 
Consequently, hammerhead-type ribozxTnes are preferable to leirahymeno-xyp^ ribozyTnes 
for inactivating a specific mRNA species and 18-based recognition sequences are preferable 
to shorter recognition sequences. 
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HOMOZYGOLS AND HETEROZYGOUS MVTA TJONS IN CCR5 

h is known that in some cases, a homoz>'^^ous or heterozygous muiaiion in :j 
poivpepiide or a regulaion' region of a pene confers a moiecuiar basis for a difference m 
funciion. Benina, ei ai. and Greengard. ei ai (Benina. ei ai. Nature, 369 :64, 199^. 
Grcenpard. ei ai, Lancei, 343:1361. 1994). first identified the molecular basis ibr the FV 
abnorrnalii> The phenor>T3e of APC resistance was shown to be associated with 
heteroz>*gosir>' or homozj'gcsiiy for a smgle point mutation in the FV gene thai resulted in the 
substitution of arginine at amino acid residue 506 with gluiamine fFV R506Q). This R506O 
mutation prevents APC from cleaving a peptide bond at Arg-506 in FV that is required to 
inactivate factor Va (Benina. ^ivpra; Sun.ei uL, JS/ooJ. 83 :3 1 20. 1994). 

Similarly, the present invention envisions diagnostic and prognostic, and in addition. 
iherapeutic approaches to treatment of HIV-associaied syndromes based on homoz>'gosity or 
heteT02>'gosir>^ of CCR5 mutants. For example, while not wanting to be bound by a panicula: 
iheor\'. it is believed that a subject having a homoz>'gous mutant of CCR5 may be HP^- 
resistant or exhibit a slower rate of disease progression Along the same lines, a subject 
having a heterozygous mutation in CCR5 may exhibit a slower rate of disease progression 
than a patient having a wild type CCR5. Mutations included in the CCR5 coding region may 
also result in inactivating mutations In addition, a mutation in the regulatorv' region of CCR3 
gene miay prevent or inhibit expression of CCR5- thereby providing resistance to some degree 
from HIA^ infection. 

Once an individual having a homoz>'gous or heieroz>'gous mutant in CCR5 is 
identified, ii is envisioned that cells from that individual, once matched for hisiocompatibilin . 
can be transplanted io an HA^' positive individual, or to an *'at risk'' individual. 

Without funher elaboration, ii is believed that one skilled in the an can. using the 
preceding description, utilize the present invention to its fullest extent. The following 
examples are to be considered illustrative and thus are not limiting of the remainder of the 
disclosure in any w^ay whatsoever. 
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Example 1 . Cloning and Sequence Analysis of the CCR5 Gene 

Complemenian' DNAs were obiained from a Agil 1 cDNA librarv' (Combadiere ei oi, 
DNA Cell Bio!, cii op ). One of the cDNAs obiained. designaicd clone 63-2. had a novel 
sequence hiphiy relaied to CC CKR2B. bui ii extended only from bp 105 lo 813 of the CC 
I ^ CKR2B open leading frame. The 63-2 cDNA was used as a hybridization probe lo screen 

under iow sinnpency condiiions (finai wash in 5X SSPE: described by Maniaiis e! qL. 
Molecular Clorunt? a Laboraior^' Manual. Cold Spring Harbor Laboraton\ ai 55 °C for 30 min) 
a ApCEV9 cDN.A librar>' prepared from endoioxin-siimuiated human peripheral blood 
monoc\aes as described previously (Combadiere ei a!.. J. BioL Chem. 270: 29671-5 and J. 

J c Bioi Chem. 270: 16491-4 (1995)). One of ihe isolated clones, designated clone 8.5, matched 

and extended the sequence of clone 63-2. A 1.4 kb fragment of the clone 8.5 cDNA was 
excised from the vector DNA by Bam HI and Bs! XJ double digestion, bluni-ended with Pfu 
DNA polymerase, subcioned into the Leo RV site of pBluescnpi 11 KS (Siraiagene. La Jolia. 
CA). and sequenced completely on both strands. The cDNA insen was then subcioned 

15 between the Bam HI and Hind 111 sites of the mammalian expression vector pREP9 

(Invhrogen, San Diego, CA). 

The clone 8.5 cDNA is 1 .4 kb in length. The 5'- and 3'-unuanslaied regions and open 
reading frame are 26.288 and 1056 bp, respectiveh . The 3'-unu-ansiaied region is not 
poiyadenylaied and lacks a polyadenyiaiion consensus sequence. The ATG codon proposed 

2 0 to initiate translation is fiariked by sequence that conforms favorably with established 

consensus rules. M. Kozak^ Nucleie Acids Res 15: 8125-48 (1987). The open reading frame 
contains 352 codons. 

Seven segments of the deduced amino acid sequence from SEQ ID NO: 1 have a high 
content of hydrophobic amino acids consistent with membrane-spanning domains as well as 

2 5 multiple amino acids con5er\'ed in analogous positions of the knouTj seven-transmembrane- 

domain receptor ihodopsin. These considerations clearly indicate that CCR5 is ancestrally 
related to rhodopsin-like receptors, and strongly suggest that it functions as a seven- 
transmembrane-domain G protein-coupled receptor. .A database search revealed that the 
highest sequence identirv' occurs with chemokine receptors. In particular, the amino acid 

3 0 sequence ofCCR5 is 57,70.75, 51 and 48% identical to CC CKRl, CC CKR2A. CC CKR2B, 
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CC CKJ13 and CC CKR4, respectively, with lower identiiy (approximately 30%) to the CXC 
chemokine receptors. lL-8 receptors A and B. An alignment of the ammo acid sequence of 
CCR5 f'SEO ID NO: 2"'J wi;h those of CC CKR ] and CC CKR2B is shown m Figure 1 . 

The CC C}CR2B sequence is eight ammo acids longer than CCR5 due ic a substantially 
longer N-ienmmal segmenr The two sequences are otnerwise cblinear with the exception of 
2 four amino acid gap in the putative second extracellular loop of CC CKR2B relative to thai 
of CCR5. 

Residues of CCR5 that differ from CC CKR2B in the alignment are found rriostly in 
the putative extracellular domains (the N terminal segment and the sequence between putative 
transmembrane domains 2 and 3. 4 and 5. and 6 and 7) and adjacent portions of the 
transmembrane domiains. and in the C-terminai segment which is predicted lo He m the 
c\noplasm (Figure 2). Like other seven-transmembrane-domain receptors, the C-ierminai tail 
has a high content of senne and threonine residues that may be sites for receptor 
phosphors'! aiion as they are m rhodopsin and the P2 adrenergic receptor CCR5 also contains 
cysteine residues thai by anajogy with other seven-transmembrane domain receptors could be 
a site for palmhoylaiion. lethenng this domiain to the plasma membrane. 

The net charge of the N-ierminai extracellular segment of CCR5 is -i. Tne 
corresponding domain of CC CKR2B has a net charge of zero, whereas for other knoviTi 
chemokjne receptors this domain is highly acidic. Like all other known chemokine receptors, 
CCR5 has conserved cysteine residues in the N-term;na! segment and the third predicted 
extracellular loop that could form a disulfide bond Cysteine residues are less frequently 
found m this location in other seven-transmembrane-domam receptors. CCR5 lacks a 
consensus sequence for N-liniced glycosylation. whereas one or more are found in other CC 
CKRs 

The CCR5 Gene V^Oien total human genomic DNA was digested with Psi ], Eco R], Hind 111 
zndXbQ ] and hybridized with a CCR5 CDNA probe extending from bp 69 to 789 relative to 
the Stan of the open reading frame, 2-4 bands that hybridized with different intensirv' were 
detected in each lane. The probe used contains a recognition site for Psi 1 at bp 532 of the 
CCR-5 open reading frame hut not for the other restriction enzymes used. The panem is most 
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consisieni with muliipie smali cross-hybridizing genes. In fact, restriciion fragmenis of 
genomic clones isolaied for CC CKR2. CC CKR3 and CCR5 can accouni for all of the bands 
seen. TTie CC CKJv2B. CC C}CR3 and CCR5 open reading frames lack inier\'eninp sequences. 



Example 2 . Chcmokinc Binding to CCR5 

Human embr>'Onic kidney fHEK) 293 cells <a loiai of 10') grown lo log phase in 
DMEM and 10% feial bovine serum were eleciroporaied with 20 pg of piasmid DNA. and 
1 8-resisiani colonies vi'ere picked and expanded as described previously (Combadiere ei 
ai, op cii.). The cell lines siudied contained large amounis of the recombinant CCR5 mRNA. 
but lacked CC CKR3 mRNA and native 8.5 mRNA. as assessed by Nonhem blot analysis of 
total RNA using fulMengih cDNA probes. The methods used to create HEK 293 cell lines 
stably expressing CC CKRi and CC CKR2B have been described previously (Combadiere 
eiaL.J. Biol Chem. 270: 2967] -5). 

Transfecied HEK 293 cells (a loiai of 10*^) were incubated in duplicate with 0.2 aM 
'-1-labeled R.ANTES. MCP- 1 . MJP-la, MlP-1 p or MCP-3 (specific aciiviiA -2200 Ci/mmoL 
Du Poni/NEN, Boston. MA) and varying concentrations of unlabeled recombinant human 
chemokines (Peprotech. Rocky Hill. NJ) in 200 m1 of binding medium (RPMl 1640 with ] 
mg/ml BSA and 25 mM HEPES, pH 7.4). After incubation for 1 h at 4*'C or 37 ''C. unbound 
chemokines were separated from cells by pelleting through a 1 0% sucrose/PBS cushion, and 
the cell-associated counts were determined. Specific binding was determined by the 
difference in counts m the presence and absence of 1250-fold molar excess of unlabeled 
chemokine. 

Receptor activation from chemokine binding was assessed by real time measurement 
of |Ca'"], changes using 2 million transfecied HEK 293 cells loaded with FURA-2. Ratio 
fluorescence of cells was measured as described previously. Combadiere ei aL, J. Biol. Chem 
270: 16491-4 (1995). J. Van Damme (Rega institute. Leuven) provided chemicalK 
synthesi2ed human MCP-2 protein according to a procedure described in Proosi et a].. 
Cytokine 7: 97-104 (1995). O. Yoshie (Shionogi Institute. Osaka) provided recombinant 
human eoiaxin. Where indicated, cells loaded with FL'RA-2 were incubated in holoioxin of 
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B. pertussis (List, Campbell. CA) 250 ng/ml foi 2 h at 37"C. then washed twice in PBS and 
resuspended in HBSS. Cell viabihty was -80% by inpan blue exclusion after penussis loxin 
treaimeni. ATP was purchased from Sigma Co. (St. Louis. MO). 

Ayonisis for CCR5 Given the high sequence similarity of CCR5 wiih other CC chemokine 
receptors, the inventors predicied that CCR5 would be specific for CC chemokines. To tesi 
th;s. the inventors transfected HEK 295 cells, which normaiiy are unresponsive to siimuiaiion 
W\\h chemokjnes, unth the clone 8.5 cDNA and measured the calcium flux responses induced 
by a panel of chemokjnes. The calcium flux response is strongly associated with chemoiaxis. 
degranuiation and other higher order !eukoc>ae responses to chemokines. and is a sensitive 
and specitlc measure of receptor activation. Neither untransfected nor mock-transfecied and 
selected HEK 293 cells responded to any of the chemokines tested. In contrast, six 
independent HEK 295 cell lines stably transfected with the clone 8.5 CDNA, three each from 
iwo separate transfections. exhibited [Ca'"].. transients in response to MlP-la, FLANTES and 
MIP-ip. but not in response to MCP-1. MCP-2, MCP-3. eotaxin, lL-8 or ylP-lO all tested at 
100 nM. MlP-la. MlP-ip and R.ANTES were simiiai in potency and efficacy, the 
concentrations for half-maximal and maximal responses ranging from 5-40 and 25-50 nM. 
respectively. These results indicate thai CCR5 is a CC chemokine receptor selective for MIP- 
la. MIP-lp and RANTES. 

Desensiiizauon ofCCR5 After activation, chemokine receptors have altered sensiiivirv- to 
repeated stimulation with the activating agonist and other agonists. When the same 
chemokine was added in succession to CCR5 transfeciants. cells responded to ihe firsi 
addition but not the second, indicaung that the receptor underv^ent homologous desensitization 
to all three of its agonists. \^^nen different agonists were added in succession, MlP-ia oi 
RANTES given fust blocked the response to MlP-iP given second, and MlP-lp or RANTES 
given first blocked the response to MlP-ia given second. But MlP-la or MIP-IP given first 
reduced, but did not eliminate, the response to RANTES given second. MCP-1 had no effect 
on the responses to MlP-la, MlP-lp or RANTES. These data show a functional interaction 
of MlP-ia, MlP-lp and RANTES with the same receptor. CCR5. 

4 E 
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G Protein Coup/mp lo CCR: Known chemokine recepiors couple to G,-iype G proteins, 
which unlike other classes ol G proteins are funciionaliy sensitive to pertussis toxin. 
Treaimeni of CCR5 iransfeciants with penussis toxin completely abolished the calcium fjux 
response to MlP-lct. MlP-]p and R.ANTES. In conirasi. the calcium flux response to ATP 
was largely unaffected. These data indicate that CCR5 in MEK 295 cells is coupled to G 
proteins of the G, class. 

Binding of CC Chemokines lo CCR!" The calcium flux results show that cells expressing 
CCR5 have acquired the capacity to respond to the presence of MlP-la, MlP-lp and 
R.ANTES The mechanjsm of this effect appears to be related to specific binding to CCR5 on 
the ceii surfaces as judped by radioligand binding assays with miaci HEK 295 cells that were 
siably iransfected whh CCR5 and by comparison wuh HEK 293 cells stably transfecied with 
CC CKRl and CC CKJF12B as positive and negative controls, respectively. The results for 
CCR5 arc quite complex, and the results for the positive and negative controls are describee 
firsi- 

The total amounts of '--l-MlP-ia. '-- J-MlP-lp and '-'1-R_ANTES that bound to CC 
CKR2B were similar m magrurude to untransfecied HEK 295 ceiis. and were completely non- 
specific in both cases, whether the assays were earned out at A^C or 37''C. In contrast. CC 
CKR2B iransfecianis specifically bound both ^"'I'MCP-l and l-MCP-5 at both 4^C and 
57 ''C. These results are consistent w^iih the known agonists for CC CKR2B. 

In the case of CC CKRJ, specific binding of '^-]-M]P- 1 a was S-lO-fold greater than 
non-specjfic bindmg at both ^'^C and 57 ^C. whereas specific binding of ^'^I-MCP-l was no: 
delectable. The A", for homologous competition bmding of ^*-]-MlP-la at ^''C was 10 nM. 
Tnese results are similar to previously published results, are consistent with MlP-)a's agonis: 
activity for CC CKRl, and represent a positive control for MlP-ic binding. Eachofthe 
six CCR5 transfectanls were tested at 4X. Tne total binding of '-^]-MlP-l c, '*M-MIP-ip and 
^*-]-R.ANTES was equaJ to the background levels established for the CC CKR2B iransfectam. 
and was completely non-specific even w^hen radioligand concentrations as high as 5 nM were 
tested. Yet, all six cell lines exhibited clear and robust calcium fiux responses to M]P-la. 
MlP-lp and RANTES. 
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The G418 concentration in the media of ihc CCR5 uansfeciant ihat exhibited ihe 
sironge.si calcium flux response was increased from 1 to 3 miz/m! for one week. A cell ime 
was derived- named CCR5.] thai exhibited calcium fiux responses to MlP-lc. MlP-lp anc 
RANTES ihai were consisienily double those of the parentai cell line. This cell line exhibited 
specific bindmg at 4^C for MIP- 1 a. MIP- 1 p and RANTES. 

To increase the sensinviiy of the bmdmg assay, non-equilibrium conditions ai 37'C 
were used to increase ihe ratio of specific to non-specific binding for '--**1-MIP- Ic. ''***1-M1P- 1 B 
and '-1-RANTES by a factor of 2-4 for both CC CKRl and CCR5.1 cell lines, compared lo 
results obtained at 4**C. l-MCP-l did not bind specifically to either CC CKR] or CCR5.i 
cells ai r^T'^C- whereas '--I-MCP-? bound specifically to CC CKRl but not to CCR5.1 cells. 

The '-'1-MlP-la and '"'l-MlP-lp binding sites on CC CKRl and CCR5.] cells were 
easily distmguishec in two ways. First. ---l-MlP-la and **-l-MlP-lp binding to CC CKRl. 
but not to CCR5.1 , was competed effectively by unlabeled MCP-3. Second, unlabeled MIP- 
la competed 20-fold more effectively for '-'l-MlP-la binding to CC CKRl than to CCR5.J 
(half-maximal inhibitory concentrations IC.oJ and 100 nM, respectively), and unlabeled 
MIP-lp competed -2-fold more effectively for '^'I-MIP-P binding to CCR5.1 than to CC 
CKR] (ICjoS-lOO and 200 nM, respectively). 

At 37"C. 1-RANTES bound to both CC CKRj and CCR5.1 cells at low but 
significantly increased levels compared to the negative control CC CKR2B cells. Excess 
unlabeled R.ANTES reduced '*'1-R-ANTES binding to CCR5.1 cells (IC^e-SOnM). The'" 1- 
RANTES binding sites on CC CKR i and CCR5.1 could be distinguished by heterologous 
competition with excess unlabeled MIP- la (IC50-2O and 100 nM for CC CKRl and CCR5-1 
respectively). 

Disiribution of CCR5 RNA. Compared 10 other CC CKR5, CCR5 is most like CC CKJGA 
and CC CKR2B not onJy in its prim.ary sequence but also in its RNA distribution. Full-length 
CC CKR2B and CCR5 open reading frame probes recognized a 3.5 kb RNA band by Northern 
blot hybridization in total RNA made from adherent monoc>aes. Neither probe recognized 
RNA in neuuophil or eosinophil samples. To determine whether the CCR5 probe was merely 
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cross-hybridizing \o the monocyte CC CKR2 mRJNA. a 30-meT aniisense oiiponucleoiido 
specific for CCR5 was designed. Thjs probe also deiecied the 3.5 kb monoc\ae mRNA 
species. A similar analysis using specific oligonucleotide probes has indicaied ihat both CC 
CKR2A and CC CKR2B RNA is present jn adherent monoc>ncs. 



5 Example 3 . Cell Fusion Assay Suitable for Drug Screening 

A vaccinja cell fusion system is used to assay the functional abilin* of CCR5 lo confer 
e/7v-mediated fusion competence to CD4-positive nonhuman cells. This assay is carried out 
as described in Nussbaum ei al., 1994. supra. In the assay murine NIH 3T3 cells or human 
HeLa cells are firsi iransfecied whh the piasmid pSC59.CCR5 and then co-infected with 

10 various vaccinia viruses: vTF7-3 (containing the T7 RNA polymerase gene); vCB3 

(containing the human CDA gene): and vaccinia WR (a negative control). A different cell 
population is co-infected wi:h various vaccinia viruses: vCB-21R ^ containing the E. coli locZ 
gene under tJie u^scripiional control of a T7 promoter (Pj^-/arZ)) along with either a vaccinia 
virus that encodes a Ba-L env gene from a macrophagc-iropic isolate or vCB-16 (a negative 

15 control, containing a muiani env gene encoding an uncieavable. nonfusogenic unc/env). 

The cell populations described above are incubated overnight ai 31 ""C to allow 
expression of the vaccinia-encoded proteins. The cells are washed and mixtures of each 
combination are prepared in 96- well microliter plates. £ach weli contains equal numbers of 
T7 RNA poiymerase-coniaining cells and iacZ gene-containing cells. Replicate plates are 

2 0 incubated for 2-4 hours at 31°C to allow fusion. Samples on one plate are treated with NP-40 

and aliquots are assayed for P-galaciosidase activity using a 96- well absorbance reader. 

The p-galactcsidase assay results from this experiment will show thai NIH 3T3 cells 
coexpressing human CD4 and CCR5 are highly competent for fusion with cells expressing env 
from the macrophage-iropic isolaic (Ba-L) but not from a T-cell line-tropic isolate (LAV). 

2 5 In contrasL the data will indicate that NFH 3T3 cells coexpressing human CDA alone or CCR5 

alone are incompetent for fusion with cells expressing enw Furthermore, the low background 
levels of P-gaiactosidase produced will indicate thai NIK 3T3 cells coexpressing human CDA 
and CCR5 do not fuse wMth cells expressing mutant unc/env. 
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in a related expenmeni. several colonies of stable, transformed mink cells thai 
coexpress human CD4 and CCR5 would be tested for susceptibility to HlV-1 infection by 
macTophaj^^e-uopic or dual-tropic HlV-l sirains ie.^ , strains that use CCR5). Transfomnanis 
contairung the human CD4 gene and an jneievant coniroi gene are used as negative controls. 
Direct measurements of p24 (HIV core aniii?enj production will indicate that HIV- 1 infection 
is productive with cells thai coexpress human CD4 and CCR5, but not with the negative 
controls. Moreover, the efficiency of H]V-] infection of transformed, CD4-positive. 
CCR5-posiiive, nonhuman cells is high enough to be detected directly. 

Example 4 . Anti-CCRS Antibody Blocks ^'ni'-mediaied Membrane Fusion 

Based on the known topology of 7-transmembrane segment proteins, four regions of 
CCR5 are predicted to be exposed ai the cell surface. Natural or synthetic peptides are 
produced or synthesized by methods well-known m the an that conespond to each of these 
A regions. Rabbit antisera is raised by immunization with pepiide-KLH (keyhole limpet 
hemocvajiin) conjugates. Total immunoglobulin is purified from the preimmune and the 
immune sera by ciiromatographic separation with Proiein-A Sepharose. Alternatively, whole 
cells expressing CCR5 can be used to generate anti-CCR5 antibodies. 

Antibodies raised against an 28 amino acid N-ierminal ponion of CCR5 or against the 
extracellular loops (e.g.. el- 1). can block membrane fusion between macrophage-iropic strains 
Ba-L. SF162, JR-FL and ADA of HjA and hum.an macrophages, in other words sirains thai 
use CCR5- (See, for example. Feng f/ ] 996. suprc: Endrcs ei aL, ]99t, supra). 

Example 5 . Specificity of CCR5 for env From Macrophage-iropic Isolates 

The sensiiivit>' of fusion mediated by env from different HFV isolates is tested with 
antibodies prepared agamsi the N-ierminal portion of CCR5. The anii-CCR5 antibodies 
inhibit fusion mediated by the protorypic macrophage-iropic Ba-L env, but will not inhibit 
fusion mediated by ihe prototypic T-cell line-iiopic LAV env. The fusion inhibition with 
anii-CCR5 antibodies is not due to nonspecific inhibiiorv' effects on the cells. Coexpression 
of CCR5 enhances fusion more with env from macrophage-iropic sirains (Ba-L, SF162, 
R-FL, and ADA) than with env from T-cel! iine-iropic isolates (lllB, LAV. and RT). 
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Example 6 . CCR5 Peptides Block f'/jv-mediaied Membrane Fusion 

S\Tiiheiic peptides thai correspond io ihe predicied exuacelluiar loops of CCR5 were 

prepared and tesied for inhibiiion of env-mediaied membrane fusion. Peptides were as 

follows: 

exiraceliular loop-1 (SEO ID NO:4): L.V\0\\WGNTMC 

exuacelluiar loop-2 (SEQ ID NO:5): RSOKEGLH YTCSSHFPYSOYQFW'IC 

extracellular looro (SEQ ID NO:6): OEFFGLNNCSSSNRLD 

The peptides were tested using vaccina-based expression and reporter gene assay 
system (see Example 5 above). Cell fusion was quaniitated by determining ihe level of p- 
gaiaciosidase in detergent cell lysaies 

FIGURE 2 shows that each peptide (0-50 ^^g/ml) was able to inhibit fusion between 
cells expressing ihe HIV-l Env from the macrophage-tropic Ba-L isolate and murine cells co- 
expressing CD4 and CCR5 

Example 7 . Cell Lines Expressing CCR5 

Human HeLa. human embryonic kidney (HEK) 293, and murine NTH 3T5 cell lines 
(.Ajnerican Type Culture Collection, Rockville. N4D) were culrured in DMEM-l 0 fDulbecco s 
modified Eagle's medium jO^^aliO' Biologicals, Gaithersburg, MD] containing 10% feia] 
bovine serum [FBS, HyCione, Logan, UT], 2 m-M L-glutamine. 100 U/ml penicillin and 100 
^g/mJ streptomycin). Tne human PMl T cell line (Lusso ei oL. 1995) was obtained from the 
NJH AIDS Research and Reference Reagent Program fRockville, MD) and was grouTi in 
RPM]-10(RPM] 1640 medium [Qualirv' Biologicals] comairung ]0%FBS, lOmM HEPES. 
2mM giuiamine, and aniibioiics). Recombinant vaccinia virus stocks were prepared by 
standard procedures (Earl et oL, 1991). Pertussis toxin was obtained from List (Campbell, 
CA). Recombinant chemokines were purchased from Peprotech fRocky Hill, NJ). Ftara 2-AVI 
and propidium iodide were obtained from Molecular Probes fEugene, OR), Sodium azide and 
ATP were from Sigma (St. Louis, MO). 
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CCR5 Consiruas. Epiiope-iagged varianis of CCR5 were created to enable dctecuon by ihr 
MS monoclonai antibody fKodak. Rochesier. NY). The CCR5 open readme uamc was 
amplified by PCR using ihe following pnmers: 1) for full-length CCR5 (dcsignaied CCR5): 
a 3-oi]gonucleotidc containing (from 3' to 5') 27 bases complemenian' to the last 9 codons of 
CCR5- 3 bases for the stop codon. 6 bases for an Xho 1 restriction site and 8 miscellaneous 
bases: 2) for CCR5 lacking most of the cyioplasmic C-tcnminus (designated CCR5306): £ 3'- 
oligonuclcotide containing (from 3* to 5') 27 bases complementary to codons 298-306 of 
CCR5. 3 bases for a stop codon. 6 bases for an Xho 1 restnction site and 8 miscelianeous 
bases: and 3) for both constructs: a 5'-oHgonucieoiide containing (from 5' to 3') 8 
miscellaneous bases. 6 bases for a HindU] sue, 3 bases for the start codon. 24 bases encodmg 
the flag epitope DYKDDDDK and 27 bases complementary to CCR5 codons 2 to 10- The 
resulting two PCR products were digested and subcioned between the Hind 111 and ATio 1 sites 
of the changes using a MSIB fiuonmeter (Photon Technology' Iniemational, S. Brunswick. NJ j 
in HEK 293 cell lines expressing receptor constructs as previously described. Fuerst. T.R., 
Niles. E.G., Srudier. F.W„ and Moss, B. (1986). Bnefiy. cells were loaded with 2uM FURA- 
2AM at 37 "C for 45 min, washed n\'ice and resuspended at 10^ cells/ml in HBSS, pH 7.4. 
Two ml of the cell suspension were placed in a stirred, water-iacketed cuvene at 37^ C and 
excited sequentially at 340 and 380 nm. Fluorescence emission was monitored at 510 nm 
before and after addition of agonists. For some expenmenis, cells were incubated wuh 250 
ng/'ml penussis toxin for 3 h pnor 10 functional assay 

Cell Fusion Assaw Fusion benveen effector cells expiessing HFV-l Env and laigei cells 
expressing CD4 was quantitaied by a vaccinia-based reporter gene assay in which p- 
gaJactosidase is produced selectively in fused cells fNussbaunn ei qL, 1994). As effector cells. 
HeLa cells were coinfecied with vCB-2lR, which encodes ihe E. Coll LacZ gene unde: 
control of ihe bacteriophage T7 promoter U Virol 70, 5487-5494.). and a recombinant 
vaccinia virus encoding one of the following HI\'-1 Envs (PNAS. 92, 9004-9008.): M-iropic 
Envs Ba-L <vCB-43; note this is a conecnon of the nomenclature used for this virus in Broder 
and Berge:. 1995). ADA (vCB-39). SF-162 (vCBo2), and JR-FL (vCB-28): and Unc. ari 
uncleavable mutant of llIB (vCB-16). In one protocol, the target cells were HEK 293 cell 
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transl'eciants siably expressing the indicated CCR5 conirucis. These cells were coinfected 
wiih vTF7-5 encoding! T7 RN pol\Tnerase (Fuersi ei al., 1993 ) and vCB-3 encodinp human 
CD4 (Cell S5^ 1 149-12158.) In both viruses the foreign penes are linked lo vaccinia earlv/laie 
promoiers: the muliiplicii>' of infection was 10 pfu/cell for each virus. In anoiher proiocoi. 
ihe target cells were NIH 3T5 cells iransfected with pcDNA3-based plasmids encoding CCR5 
or CCRf'3(^, using DOTAP lipofection (Boehringer Mannheim, Indianapolis, FN): coniroi celis 
were transfecied with pcDNA3 vector alone. Afier A h incubation in DOTAP at 31''C. cells 
were coinfected with vTF7-3 and vCB-3; expression of the CCR5 constructs was dnven by 
the T7 promoter. Cell cultures were incubated at 31 ovemigh:. 

Cell surface expression of CCR5 and CCR53(^ was analyzed by flow cytometry using 
as the probe either a rabbit polyclonal antiserum generated against a s>Tithetic peptide 
representing the predicted extracellular amino terminal domain of CCR5 (amino acids 1-28). 
or a mAb recognizing the Flag epitope. Specific cell surface staining at comparable intensir^' 
was obtained when HEK293 cells stably transfecied with either CCR5 or CCR53ot ^ere 
incubated v\nih the anli-CCR5 smtiserum. In contrast, cells stably iransfected wiih the closely 
related receptor CCR2b (73% amino acid ideniinO gave only background fluorescence 
equivalent to that observed with ihe signaling is required for the HIV-] corecepior activity' of 
CCR5, using a quaniaiive vaccinia-based reporter gene assay of HIV-1 Env-mediated cell 
fusion HEK 293 cell transfectanis expressing CCR5 or CCRt-^^^ (along with vaccinia-encoded 
CD4) were tested for iheir ability to fuse with HeLa cells expressing vaccinia-encoded Envs 
from several M-tropic strains. Comparable levels of fusion occurred with CCR5 and CCR53{,,, 
for each Env tested. Similar results were obtained in an alternative protocol whereby CCR5 
and CCR5y^ were expressed on NIH 3T3 cells using a transient vaccinia expression system. 
Thus. the C-terminal truncation that abolished the G protem signal transduction activity' of 
CCR5 had no effect on fusion corecepior activity . 

Penussis toxin provided an aliemaiive means to test the requirement for G protein 
signal transduction in the fusion coreceptor activity of CCR5. In the cell fusion assay using 
the M-tropic Ba-L Env, high concentration of the toxin (500 ng/ml) had no effect on the fusion 
coreceptor activity of CCR5 expressed transiently in NIH 3T5 cells 
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The effects of penussis toxin were also lesied on produciive HIV-1 infeciion. usinp 
the Jurkat-denved T cell line PMl as the target. PMl cells express CD4 and are hiphi> 
susceptible to M-iropic HI\'-1 strains. Moreover. CCR5 mRNA is expressed in these cells 
and infection by M-uopic HlV-1 on PMl cells is CCRf . In the coniinuous presence of 
pertussis toxjn (500 ng/ml). robust infection by the M-iropic Ba-L isolate in PMl cells wa> 
obsen'ed. Consistent with ihis, when PMl cells were used as target cells in the cell fusion 
assay with effector HeLa cells expressing the Ba-L Env. high levels of fusion activity were 
observed and this was completely resistant to penussis toxin. Thus, penussis toxin at 
concentrations that potently block G protein-mediated signal transduction had minimal effeci 
on either Env-mediated cell fusion or productive infection. These results parallel earlier 
repons that penussis toxin did noi process knox^T; as receptor sequestration o: 
dowTimodulatior;. This process is thought to explain in pan the phenomenon of receptor 
desensitizaiion and could be imponant either for H1V-] Env-dependeni membrane fusion, 
and/or chemokme inhibition of fusion CCR5 was strongly downmodulated by cheonxkine 
ligands, whereas the truncated CCR5^o, receptor was unaffected. This indicates that, in 
addition to containing critical determinanis of signaling, the C-terminal domain of CCR5 also 
contains critical determinants for chemokine-mediaied down-moduiaiion. 

]t v^ill be apparent to those skilled m the an that various modifications and variations 
can be made to the compositions and processes of this invention. Tnus, it is intended that the 
present invention cover such modifications and variations, provided they come withm the 
scope of the appended claims and their equivalents. 
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What Is Claimed is: 

1 . A Tecombmani cell line thai expresses CCR5 pol\pepiidc. 

2. The cell line of claim L wherein me cells coexpress human CD4 and CCR5. 

5. A recombman: hosi cell stably transformed with a poi>Tiucleotide encoding CCR5 
pol>T>eptide, wherein the ceil co-expresses CCR5 and CD4 polvpeplide. 

A, A recombinant host cell stably uariSfonned with a pohmucieoiide encoding CCR5 
polypeptide and a pohTJUcieoiide encoding CD4 poKpeptide. wherein the cell co- 
expresses CCR5 and CD4 pohpeptide 

5. Tne cell as in any of claims 1-4. wherein the cell is a human cell. 

6. The cell as in any of claims 1-4. wherein the cell is a non-human cell. 

7. An antibody which specifically binds to CCR5 pol>peptide or fragments ihereof. 

8. Ttie antibody of claim 7. wherein the antibody blocks membrane fusion between HIV 
and a target cell. 

9. Tne aniibody of claim 7, wherem the antibody is a monoclonal antibody. 

10. The antibody of claim 7, w^herem the antibody blocks chemokme binding. 

1 i- A cell that expresses a CCR5 gene, wherein the CCR5 gene is not stably integrated 
into the genome of the cell. 

12. The cell of ciaim 1 1 , wherein the cell also expresses a CD4 gene. 
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13. An isoiaicd pol>Tiucieoiide which encodes an amino acid sequence as set fonh in SEO 
ID NO:: . 

]A. An isoiaied polNT^ucieotide which encodes an amino acid sequence as set forth in SEO 
IDN0:4. 

15. An isoiaied polynucleotide selected from the group consisting of: 

a) SEO ID NO: 1; 

b) SEOIDNO:2; 

c) SEO ]DNO:Kw'herem T can also be U; 
d } SEO ID NO:3,whcrein T can also be U: 

e ) nucleic sequences complementary lo SEO ID NO: ! ; 
f; nucleic sequences comp]ementar\' lo SEO ID NO:3; 

g) fragments of a), c), or e ) that are at least 1? bases in length and that 
will selectively hybridize so genomic DNA which encodes the CCR5 
protein of SEO ID NO:2: and 

h) fragments of b), d), or f) that are at leas: 1 5 bases in length and that will 
selectively hybridize to genomic DNA which encodes the CCR5 protein 
of SEO ID NO:^ 

16. An expression vector containing in operable linkage the pohTiucleotide as in claim 14 

17. A host cell containing the vector of claim 1 6. 

] 8. A substantially purified peptide fragment of CCR5, wherein the peptide inhibits cell 
membrane fusion bet^'een HI\' and a target cell or between an HW-infected cell and 
a CD4 positive uninfected cell. 

19. The peptide of claim 18, wherein the peptide is the amino acid sequence as set forth 
in SEO ED NO:5, SEQ ID NO:6, or SEO ID NO:7, and conser\'aiive variations thereof. 
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20. A subsianiialiy purified CCR5-bindinn at^eni. wherein the bindinc ageni inhibits 
membrane fusion berv\'een HA' and a tarpei cell or between an HIV-infected cell and 
a CD4 positive uninfected eel] 

21. The ageni of claim 20, wherein the agen: is selected from a biologic agent and a 
chemical comipound. 

22. The agent of claim 20, wherein the biologic agent is a chemokine 

23. The ageni as in claims 18 oi 20. wherem the agent blocks chemokine binding to 
CCR5- 

24. A method of inhibiiing membrane fusion between HIV and a largei cell or between an. 
HTV-infecied cell and a CD4 positive uninfected cell comprising contacting ihe targe: 
or CD4 positive ceil v^ilh a fusion-inJiibitmg effective amount of a CCR5 binding or 
blocking agent. 

25 The method of claim 24, wherein the agent is a aj:ti-CCR5 antibody or epitope binding 
fragment thereof. 

26. The method of claim 25, wherein the antibody is e monoclonal antibodv or a 
polyclonal antibody. 

27. The method of ciaim 24, wherein the contacting is by in vivo administration to a 
subject. 

28 The method of ciajm 25. wherein the ani3-CCR5 antibody is administered b\ 
intravenous, imra-muscuiar or subcutaneous injections. 
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29. The method of ciaim 27, wherein ihe anii-CCR5 anlibody is administered wiihin a 

dose range of O.i ug/kg to 100 mg/kg. 



3C. The method of ciaim 28. wherein the antibody is formulated in a pharmaceutically 
acceptable camei. 

3 ] A method for jdeniif>'ing a compound which binds to CCR5 polypeptide comprising: 

a) incubating components comprising the compound and CCR5 
pol>T3epiide under conditions sufficient to allow the components lo 
interact: and 

b) measuring the binding of the compound to CCR5 pohpeptide . 

32. The method of claim 3 1 . wherein the compound is a peptide. 

33. The method of claim 3 1 , wherein the compound is a pepiidomimeiic. 

54 . The method of claim 3 1 , wherein the CCR5 polypeptide is expressed in a cell. 
3f The method of claim 34, wherem the cell is the cell of claim 1 . 
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6. A mclhod for ideniifying a compound which biocks membrane fusion between HIV 

and a largei cell or beiween an HIV-infecied cell and a CCR5 posiiive uninfecied cell 

comprising: 

a) incubaiing components comprising the compound and a CCR5 
positive cell under condiiions sufficient to allow ihe components lo 
interacu 

b) contacting the components of step a ) with HIV or an HlV-infecied cell: 
and 

c) measuring the abi]ir\- of the compound to block membrane fusion 
between HJ\' and the CCR5 positive cell or between an HIV-mfectec 
cell and a CCR5 positive uninfected cell. 

The method of claim 36, wherein the CCR5 posiive cell is a CD4 positive cell. 

The method of claim 36, wherein measuring the abiliry^ of the composition to block 
membrane fusion is by detection of a reponer means. 

The method of claim 38, wherein the repone: means is selected from ihe group 
consistmg of a radioisotope, a fluorescent compound, a bioiuminescent compound, 
a chemiluminescem compound, a metal chelator, or an enz>^me. 

The method of ciaim 39. wherein the reponer means is a iacZ gene. 

A transgenic non-human anims] having a phenor\pe characterized by expression of 
CCR5 pol>7)epi3de and CD4 polypeptide otherwise not narurally occumng in the 
animal, the phenor\pe being conferred by a uansgene contained in the somatic and 
germ cells of the animal, the transgene comprising a nucleic acid sequence which 
encodes CCR5 polvpeptide and a nucleic acid sequence which encodes CD< 
polypeptide . 
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42. The iransgenic non-human animal of claim A 1 . wherein the animal is a mouse 



43. The iranspenic non-human animal of claim 41. wherein the animal is a rabbit 

44. A iranspenic non-human animal having a phenonj)e characteiized by expression of 
CCR5 polvpeptide otherwise noi naturally occurring in the ammaL the phenot\'pc 
being con/ened bv a iransgene contained in the somatic and gem^ cells of the animal, 
the transgene comprising a nucleic acid sequence which encodes CCR5 poKT^epiide. 

45. A method for producing a transgenic non-human animal having a phenonpe 
charactenzed by expression of CCR5 pohpeptide and CD4 pol>TDepiide otherwise not 
naturally occurring m the animal, the method compnsing: 

(a) introducing at ieasi one transgene into a z\'gote of an animal, the 
transgene(s) comprising a DNA construct encoding CCR5, 

(b) transplanting the zygote into a pseudopregnani animaL 

(c) allowing the zygote to develop to term, and 

(d) identifying at least one transgenic offspring containing the irainsgene. 

46- Tne method of claim 45. funhe: comprising a DNA construct encoding CD4. 

47. The method of claim 45, wherein the introducing of the transgene into ihe embryo is 
by introducing an embi^v'omc stem cell containing ihe uansgene into the embryo. 

48- The method of claim 45, wheiem the introducing of the transgene into the embr>'o is 
by infecting the embryo with a retrovirus containing the transgene. 

49. The method of claim 45, wherein the animal is selected from the group consisting of 
a mouse and a rabbit. 
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50. 
51- 
52. 



54. 

55- 

56. 
57. 
58. 



A transgenic non-human animal having a iranspcne disrupling or interfering with 
expression of CCR5 chiomosomally integrated mio the germ celis of the animaL 

The transgenic animal of claim 50. wherein the animal is selected from ihe group 
consistmg of a mouse and a rabbii. 

TTie transgenic non-human arumaJ of claim 50. wherein the transgene composes CCR5 
antisense pohnucieotide. 

A method of treating a subject having or at risk of havmg an infection or disorder, 
comprising administering to the subject, a therapeutically effeciive amount of an 
anii-CCR5 antibody, wherein the antibody inhibits cell-cell fusion in cells infected ' 
with HI\\ 

The method of claim 53, wherein the antibody is a monoclonal antibody. 

T/ie method of claim 54, wherein the monoclonal antibody is a humanized monoclonal 
antibody. 

Tne method of claim 55. wherein the monoclonal antibody is administered to a patient 
suffering from AIDS or ARC. 

The m.eihod of claim 53, wherein the monoclonal antibody is administered within a 
dose range berv\'een about 0.1 /kg to about 1 00 mg/kg- 

The method of claim 55, wherein the monoclonal antibody is formulated in a 
pharmaceutically acceptable carrier 
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59 A method of ireaiing a subjeci having an HlV-relaied disorder associated with 
- expression of CCR5 comprising adminisienng to an HI\' infected or susceptible cell 
of the subieci. a agent thai suppresses CCR5. 

60. The method of ciaim 59, wherein the agent is an anti-CCR5 antibody. 

61 . The method of claim 59, wherein the agent is an antisense nucleic acid that hybridizes 
to a CCR5 nucleic acid. 

62. The method of claim 59, wherein the agent is introduced into the cell using a camei. 



63 . The method of claim 59, wherein the earner is a vector. 

(yA The method of claim 59, wherein ihe administennp is ex vivo. 

bt . Tne method of claim 59, wherein :he administering is in vivo. 



66. A pharmaceutical composition comprising CCR5 in a pharmaceutically acceptable 
carrier. 

67 A method for inhibiting the expression of CCR5 in a cell comprising contacting CCR5 
with an inhibiting effective amount of an antisense oligonucleotide that binds to a 
segment of an mRNA transcribed from a CCR5 gene, whereby the binding of the 
antisense to the mRMA segment inhibits CCR5 expression. 

68. Substantially pure CCR5 pol>TDeptide having an amino acid sequence as set forth in 
SE0IDNO:4. 
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i aapaaacict ccccgggigp aacaacaigp anaicaagi gicaagtcca a:ciaipacc 
6i icasuana lacaicggap cccipccaaa £^icaaigi gaapcaaaic pcapcccgcc 
1 2 i tccipccTcc pciciacica cigpipnca icrnggm tgigggcaac aipcTgpic:: 
ig] icctcaicci pataaacipc ar.r.rggcica agagcaigac tgacaiciac cipcicaacc 
?4 ] iggccaicic ipsccipm nccncna cipiccccn cigggctcac laipcipccp 
30 1 cccagiggpa crnggai^ai acasipiptc ascicnpac agggcictat m^iagpc: 
361 icncKigp aaicncnc aicaiccicc ipacaaicga laggiaccig pcigicpicc 
42 i aigctgipn ipcmaaaa pccagpacgp icaccingg ggiggigaca agigipaics 
48 1 cngggiggt gpcigicm pcctcicicc cagpaaicat cmaccapa ic;caaaaap 
^4 i aagpicnca nacaccipc accicican nccaiacag icapiaicaa nctgpaapir 
60 i amccapac anaaapaia ptcatcngg ggcigptcci cccgcigcn picaigpiCL 
66] icipciacic ggpaaicc'cs aaaacicipc ncggigicg aaatgagaap aagagpcaca 
7" 1 gggcigipag pcnaicnc accaicaipa npmam icicncigg gctccciacc 
78 1 acangtcci tciccipaac accnccagp aanctngg ccigaaiaai iccagiapc: 
8^ i ciaacaggn gpaccaapci aipcaggipa cagagacici tgggaicacp cacigcigCL- 
901 icaaccccai caicxaipcc mpicgggp agaagncap aaaciaccic napicnci 
961 iccaaaagca canpccaaa cprncigcs aaigcigttc latmccap caagagpcic 
)C2i ccgagcpagc aagcicapn Lacacccpai ccacigggga gcagpaaaia icigigggc: 
1081 igipacacgg actcaapigg pciggipacc cagtcagag: igigcacaig pcriagrm 
114 1 caiacacapc c;gggciggg ggigggg^gg gagaggicn nnaaaagg aapiiacig-. 
1201 laiagaggpi ciaaganca iccai 
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